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ADVERTISEMENT.

T H E Committee appointed by the Royal Society to

direct the publication of the Philofophical Tranfadions

,

take this opportunity to acquaint the Public, that it fully

appears, as well from the council-books and journals of
the Society as from repeated declarations, which have

been made in feveral former Tranfadions, that the print-

ing of them was always, from time to time, the fingle aft

of the refpeftive Secretaries, till the Forty-feventh Volume.
And this information was thought the more neceffary,

not only as it had been the common opinion, that they

were publifhed by the authority, and under the direftion,

of the Society itfelf ; but alfo, becaufe feveral authors,

both at home and abroad, have in their writings called

them the Tranfadions of the Royal Society . Whereas in

truth the Society, as a body, never did interell themfelves

any further in their publication, than by occafionally

recommending the revival of them to fome of their Secre-
"

taries, when, front the particular circumflances of their

affairs, the Tranfadions had happened for any length of
time to be intermitted. And this feems principally to

have been done with a view to fatisfy the Public, that

their ufual meetings were then continued for the improve-

ment of knowledge, and benefit of mankind, the great

ends of their firft inflitution by the Royal Charters, and
which they have ever fince fteadily purfued.

Rut the Society being of late years greatly inlarged,

and their communications more numerous, it was thought
advifeable, that a Committee of their members fhould be
appointed to reconfider the papers read before them, and
feleft out of them fuch, as they fhould judge mofl proper
for publication in the future Tranfadions

; which was ac-

cordingly done upon the 26th of March 1752. And the
grounds of their choice are, and will continue to be, the

importance and Angularity of the fubjefts, or the advan-
tageous manner of treating them ; without pretending to

anfwer for the certainty of the fafts, or propriety of the

a 2 reafonings,
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reafonings contained in the feveral papers fo publilhed,
which, mull (till reft on the credit or judgment of their
reipeftive authors.

*

k iS y on this 0ccafio» ^ remark, that
it is an eftabhOied rule of the Society, to which they will
always adhere, never to give their opinion, as a body
upon any fubjeft, either of Nature or Art, that comes
before them. And therefore the thanks, which are fre-
quently propofed from the chair, to be given to the
authors of fuch papers, as are read at their accuftomed
meetings, or to the perfons through whofe hands they re-
ceive them, are to be confidered in no other light than as
a matter of civility, in return for the refpeft fhewn to the
oociety by thofe communications. The like alfo is to be
laid with regard to the feveral projefts, inventions, and
cunofities of various kinds, which are often exhibited to
the uociety ; the authors whereof, or thofe who exhibit
them, frequently take the liberty to report, and even to
certify in the public news-papers, that they have met with
the higheft applaufe and approbation. And therefore it
is hoped, that no regard will hereafter be paid to fuch
reports, and public notices

; which in feme Pittances have
been too lightly credited, to tlnedilhonour of the Society.

At a C O U N. C I L, January 28, 1773..

Refolved That after Volume LXII. tht Philofophtial
Tranfedions be publilhed twice in a year ; the fir ft Dub
heat,on to be of the months of November 7«lKber of the preceding year, and January and February
of the current year, as foon as may be after February*under the name of the “ firft pan” of the volume and
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PHILOSOPHICAL
f-

TRANSACTIONS.

I. Obfervations on the Solar Spots. By
Alexander Wilfon, M. D. ProfeJJor of
Pra&ical Afrono?ny in the Univerfity of
Glafgow. Communicated by the Rev.

Nevil Malkelyne, Aflronomer Royah

Redde, Apr.z9,xTTHEN the great Copernicus
177 VV had revived the true fyftem of

the world, it was obje&ed againft it, that the planet

Venus ought to be feen with different phafes like

the moon ; to which he anfwered, that fome time

or another that very thing would perhaps come to

Vol.LXIV. U pafs,>
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pafs- Who then would have thought, that this

prophecy was fo near being fulfilled, and that, by
means of combining a convex and a concave glafs,

the common ufes of which had been known for

near 300 years before, the fight of man was to be

extended almoft to the remoteft parts of theuniverfe?

This inftrument, which nothing but its being fo

common hinders us from regarding with the greatefl

wonder, was invented, about 170 years ago, by one

of thofe happy accidents, to which we owe many
of the fineft difcoveries.

At that time flouriflaed the famous galileo, who
was the firft that conftruCted a telefcope from fome
knowledge of the refraction of the rays of light.

Having finifhed one in 1610, he directed it to the

heavens, and thus entered upon the rnoft pleating

and moft ftriking field of obfervation, which any
philofopher ever enjoyed. The name of g alileo
will always be familiar to us, fo long as there re-

mains any remembrance of thofe celebrated dif-

coveries, which he then made by the help of his

gfafles.

One of the molt remarkable of them was that of

the solar spots. So ftrange a difcovery, relating

to the fun, commanded a great deal of attention. At
that time the authority of Ariflotle, by controlling

<he reafon of men, governed their opinions in all

parts of philofophy; and one of the abfurd doClrines,

then taught in the fchools, was, that the matter of

the heavens was ungenerated, incorruptible, and
iubjed to no alteration. But the arguments, which
g alileo now produced againft that notion, were
founded upon the evidence of fenfe, and it was

impof-



C 3 ]

impoffible to oppofe them. The fpots upon the

fun, and the many ftrange variations, to which they

were fubjeft, convinced all, who were able to lay

afide the prejudices of a vain philofophy, that there

was not fo great a difference, betwixt celeftial and

fublunary bodies, as had Been imagined.

To fuch as were fo reconciled to it, the difeovery

appeared grand and ftriking; and great hopes were

entertained, that, by duly attending to the pheno-
mena of the fpots, fomething curious and important

might be determined concerning the nature and

conflitution of the fun itfelf.

We accordingly find, that many affronomers, of

the firft note,' were very early engaged in this in-

quiry. Of all thofe who applied themfelves this way,

scheiner and hevelius defervedly hold the firft

place, and nothing but the charms of fo noble an

inveftigation could have induced them to profecute

their obfervations with fo much affiduity. scheiner
began his in the year 1624, 14 years after galileo
had firfi made the difeovery. In the year 1630, he

at lait publilhed his Rofa Urfina, in which we have

a detail of his labours during that long interval of

time, hevelius came after scheiner, and dili-

gently watched the appearances of the fpots for two
:

years, the refult of which application he has given

us in his Selenographia and Cometographia.
But notwithftanding thefe attempts, fo worthy

of men actuated by a true defire of knowledge, it

muft beconfefled,that nothing ofmoment hath been
derived from them. If we except a few conclufions

concerning the rotation of the fun round its axis,

and the inclination of its axis to the plane of th&

B 2 ecliptic.
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ecliptic, every thing elfe, which hath been inferred

from the phenomena of the {pots, feems altogether

to be matter of conjecture, hevelius-, from his great

fondnefs of the fubjedt, and from a defire to avail

himfelf of that long courfe of obfervation, to which
he had fo patiently fubmitted, has been led into

many {peculations concerning the fpots and the

nature of the fun’s body. The following quotations

furnifh us with a remarkable inftance of this, and

will ferve to give us a view of the ideas, which he

came to entertain upon thefe fubje&s. In his Co-
metographia, p 3^0, {peaking of the folar fpots he

exprefles himfelf thus

:

44 Haec materia nunc ea ipfa ell evaporatio et ex-
u halatio (quia aliunde minime oriri poteft) quae ex
44 ipfo corpore folis, ut fupra oftenfum eft, expiratur
44 et exhalatur: quae penitus ex diverlis partibus
44 heterogeneis, certos gradus opacitatis et denlitatis

44 habentibus, conftat, modo ex tenuioribus, modo
44 opacioribus, modo ficcioribus, modo magis vif-

44 cofis, glutinofis (ut noftro loquar more ufitato)

44 five bituminofis. Unde etiam diverfa procreantur
44 phrenomena 4 ex tenuioribus, purioribus, etficciori-

44 bus, umbrae videlicet faculaeet luculae
; ex impuri-

44 oribus vero eraflloribufque illis vifcofis, maculae
44 eorundemque nuclei progignuntur. Cum ergo
44 folis exhalationes ejufmodi partes fint hetero-
44 geneae, quidni etiam illud ipfum corpus, quod eas
44 ejaculatur, prout in pmecedentibus fufe aftertum
44 eft, ex diverfis partibus heterogeneis conftabit r

44 Ad haec, quia tales admirabiles et manifeftiffimae
44 generationes, mutationes, alterationes, condenfa-

tiones, rarefaCtiones* coitiones, diduCtiones, imo
44 naotus
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motus locales corporum, ac rerum materiarumqu©

“ ex ipfo foie ejedarum evaporatarumque, pene

v continenter, ad inftar iiubium acmeteororum fub-

44 lunarium ex terra promanantium,peragi videmus;

“ nonne clare ex eo evincitur, folem habere fuam
“ afrnofphasram, in eaque dari, pro virtutis fuse

“indole, generationes et corruptiones rebus
- fublu-

44 naribus baud diffimiles rariorefque ?- imo, non-
“ nunquam longe frequentiores, et infigniores ac-

'

“ cidere (fi praslertini obfervationes macularum a
44 Scheinero nobifque habitas exade examinaveris)
44 quam prope hanc terrain unquarn poffint?” And
again, when fpeaking of the fun’s body: “Atque
44 ita hie liquor igneus (ut fic loqui liceat) eft quaff
14 vaftiftimum luminum pelagus et mare dgneum,
44 quod fuos habet abyft'us, occultos meatus, vora-
44 gines atque vortices

;
quod, ad inftar marts noifri,

44 perpetuis fluduum quibui'dam voluminibus agi-

44 tat ur, et fuo modo evaporationes -et exhalationes
44 jugiter evomit atque exhalat-: eoque magis aut
44 minus, quo^magis vel minus- materia ifta in vif-

44 ceribus ejus, atque intimis receftibusp igneum
44 llud pelagus, illiufque fludus commoventur ac

“ concitantur.”

But all that we here find, however plaulible and
ingenious, can be regarded only as conjedure. It does

not appear, rhat any who have followed hevelius
have met with more fuccefs. Their obferva-

tions feem not to differ from his in any remarkable
circumftance ; nor do we find, that their inferences

from them, although fometimes different* have any
better pretenfions to the truth. The many ftrange

and variable circumftanceS'of the fpots, which were

difeo

4



difcoverable from a minute obfervation, ftill re-

mained unaccountable ;
and we often find them at a

lofs, in framing any hypothefis, which could fully

fatisfy the mind concerning them. In procefs of

time, aftronomers began to withdraw their attention

from a fubjed, which remained fo dark and per-

plexing, and, for many years, all refearches of this

fort have been, in a great meafure, laid afide.

Chance, or a happy concurrence of circum-

ftances, hath fometimes effected more, than could

have been expeded from the moft promifing mea-

fures: a remark which, it is hoped, will, in fome
degree, be found juftified in the fequel of this

paper. The obfervations upon the folar fpots,

which I now proceed to relate, appear to be totally

different from any hitherto to be found, and fuch

as feem to open a new and curious field of fpecu-

dation into the whole of this fubjed.

Aftronomers will remember, that a fpot of an

extraordinary fize appeared upon the fun, in the

month of November 1769. The firft notice, I

Tad of it, was by a letter from a friend at London,
but the weather continued dark and cloudy for

fome days after ; at length, on the 2 2d day, I had

.a view of the fun through an excellent Gregorian

‘.telefcope, of 26 inch focus, which magnified 112

itimes. I then beheld the fpot, which at that time

was not far from the fun’s weftern limb, and below
ins equatorial diameter. The atmofphere being

now very clear., and free from all tremor and un-
dulation, it was pleafant to fee the nucleus of the

ipot, and the fhady zone or umbra which fur-

jrounded it, To very diftind. It being afternoon

when
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when I firft got fight of it,- 1 had not an opportu-

nity of obferving it long that day. Next day be-

ing the 23d, I. had a curiofity to fee ifc again, and

fo repaired to my telefcope, in order to examine, if

any alterations, in the fize and figure, had taken

place fince laft obfervation. The air was ft ill fa-

vourable, and I again faw the fpot, it having its

nucleus and umbra very fharply defined. I now
found however a remarkable change for the

umbra, which before was equally broad all round;

the nucleus, appeared much contracted on that •

fart which lay towards the center of the difc ,,

whilft the other parts of it remained nearly off

their former dimenfions.

This change of the umbra feemed fomewliati

extraordinary,- as it was the very reyerfe of what
I expeCted from the motion of the fpot towards the

limb. But next day, at 10 o’clock, I had another

obfervation, and difcovered changes, which were
ftill more unexpected. The diftance of the fpot

from the limb was now about 24". By this time,,

the contracted fide of the umbra above mentioned-

had. entirely vanifhed
;
and the figure of the nu-

cleus was now remarkably changed, from whatdt
had been the preceding day. This alteration of the
figure appeared evidently to have taken place upon
that fide which had now loft the umbra, the

breadth of the nucleus being thereby, more fud-

denly impaired than it ought to have been,, by the.

motion ofthe fpot acrofs the difc. Fig. 1,2, [Tab. I.]

reprefent the appearance which the fpot had on
the 23d and 24th days.

Regarding
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Regarding thefe circumftances as new, I began

to conlider, what might be the caufe of them.
• One of two things ieemed necefliirily to be the

cafe ; either, that they were owing to fome phy-
sical alteration or wafting of the fpot, and of that

part of it where the deficiency of the umbra was
obferved ; or ell’e, that they were owing to the

nearer approach of the fpot to the limb, by the

fun’s rotation on his axis.

The laft of thefe two ideas had no fooner ftruck

me, than I began to fufped, that the central part,

or nucleus of this l'pot, was beneath the level of

the fun’s Spherical furface ;
and that the Shady

zone or umbra, which Surrounded it, might be no-

thing elle but the (helving fides of the luminous

matter of the fun, reaching from his furface, in

every direction, down to the nucleus : for, upon
this- fuppofition, 1 perceived, that a juft account

could be given of the changes, of the umbra and

of the figure of the nucleus, above defenbed.

The opinion therefore, which 1 ventured to form

.from what I had feen this day, was, that this fpot

.might, probably, be a-vaft excavation in the lu-

minous matter of the fun ; the nucleus, commonly
So called, being the bottom, and the umbra the

Shelving fides of the excavation : and, moreover,

.that the umbra, next the center of the dife, although

out of my view, did Still however exift, and was
•rendered invisible by its prefent position only ; and
further, that the Sudden alterations, now difeern-

ible in the figure of the nucleus, were occafioned

Jby Some part of it alfo being hid, by the inter-

pofition
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portion of the edge of the excavation, between the

nucleus and the eye.

Thel'e views, which now prefented themfelves,

I remember to have communicated, that afternoon,

to my fon; when I then told him, that, if they

were well founded, there would be room to verify

them, if the fpot fliould again return upon the op**

polite fide of the difc. I was however uncertain, if

it would laft fo long upon the fun’s body, as to be

again vifible after the time of half a revolution-; a

circumftance which I wilhed to take place, as I

was aware, that my prelent obfervations might
juftly be deemed infufficient, for eftablifhing fo lin-

gular an opinion concerning the nature of this

fpot ; and that, notwithstanding all which I had
feen, we might ftill imagine, that thefe changes

were produced by certain phyfical alterations of

the fpot itfelf.

Thefe confiderations made me attentively wait

its return. At laft, on December i ith, I again dis-

covered it, on the oppofite fide of the difc, it having

by that time advanced a little way from the eaftern

limb, being diftant from it i' 30". And now I

could only perceive three fides of the umbra,
namely, the upper and under fides, and that to-

wards the limb, which was the fide that formerly

had vanifhed. The fide towards the center of the

difc was not as yet vifible
j
but I concluded, upon

the fame grounds as formerly, that it was hid from
my fight, by its averted pofition only, and that, af-

ter the fpot had advanced a little further, it would
make its appearance. Accordingly, the next day,

being December 1 2th, at ten o’ clock, it came into

Vol. LXIVo- :
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view, and I faw it diftin&Iy, though narrower than '

the other fides. After this, my obfervations were
interrupted, by unfavourable weather, till the 1 7th*

when the fpot had pafled the center of the difc, the

umbra now appearing to furround the nucleus

equally. . Fig, 3, 4, aud 5, reprefent the-fpot, as it

appeared on December 1 ith, 1 2th, and 1 7th, when
it came upon, the. difc for. the fecond time..

All the foregoing.appearances, .when taken to-

gether, and when duly confidered, feem to prove

in the moft convincing manner, that the nucleus

of this fpot was confiderably beneath the level of
the fun’s fpherical furface.

The, next thing, which! took into confederation^

was to think of fome means, whereby I could form
an eftimate of , its depth. At the time of the ob-

fervation I had on December 1 2th, I had remarked,

that the breadth of the fide of the.umbra, next the

limb, was about 14" ; but, for determining the

point in queftion, it.was alfo requifite, to know the

inclination of.theihelving fide of the umbra to the

fun’s fpherical furface. And here it occurred, that,

in the cafe of aiarge fpot, this would, in fome mea-
jfure, be deduced from ohfervation. For,, at the time

when the.vfide of the umbra is juft hid, or begins -

firft to come in view, it is evident, that a line join?

ing the eye and, its. obferved edge,, or uppermoft t

limit, .coincides with the plane .of its declivity. .

By meafuring. therefore .the diftance of the .edge

from the limb* when this change takes place* and
by reprefenting

.
it by a projection, the inclination .

or, declivity in, fome meafure may be afeertained,

For in fig. 5. [Tab.. II.] let IL D K be a portion

1 r oft
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•of the fun's limb, and A B C D a fe&ion of the

fpot, SL the fun’s (emidiameter, LG the ob-

lerved diftance from the limb, when the fide of
the umbra changes, then will the plane <of the um-
bra, CD, coincide with the line, EDO, drawn
perpendicular toSL, at the point G. Let F H be

a tangent to the limb, at the point D, and join S D.
Since GL, the verfed fine of the angle LSD, is

given by obfervation, that angle is given; which, by
the figure, is equal to F D E, or G D H; which
angle is therefore given, and is the angle of incli-

nation of the plane of the umbra to the fun's fphe-

rical furface. In the fmall triangle therefore CM D,
which may be confidered as rectangular, the angle

MDC is given, and the fide DC, equal to A B, is

f
iven nearly, by obfervation; therefore the fide

1C is given, which may be regarded as the depth

of the nucleus, without any material error.

I had not an opportunity, in the courfe of the

foregoing obfervations, to meafure the diftanceG L,
not having feen the fpOt, at the time when either

of the fides of the umbra changed. It is however
certain, that, when the fpot came upon the difc for

the fecond time, thi-s change happened fometime
in the night between the nth and 12th of De-
cember; and 1 judge that the diftance of the plane

of the umbra, when in a line with the eye, muft
have been about i' 35 / from the fun's eaftern limb;

from which we may fafely conclude, that the nu-
cleus of the fpot was, at that time, not lefs than a

:femidiameter of the earth, below the level of the fun’s

Ipherical furface, and made the bottom of an ama-
’ C 3 ; zing
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zing cavity, from the furface downwards, whofe

other dimenfiohs were of much greater extent.

Being thus perfwaded of the depreffion of this

great fpot below the furface, I immediately fet a-

bout examining {mailer ones, in order to difeover

if they were of the fame kind. With this view, I

Began a courfe of obfervations, that from them I

might either make the inference univerfal, or limit

it, as the pheenomena fhould point out. I was not

long engaged in this purfuit, before I perceived in

them the fame changes of their umbras, which
have been deferibed above at fo much length. This

was manifeft in fpots of any confiderable fize, when
the air was favourable, and the telefcope well ad-

jufted for diftindt vifion. The firft, which I faw

undergo this change upon its near approach to the

limb, was onjanuary 17th, 1770, as reprefented in

Fig. 1. [Tab. II.] The figures 2, 3, 4, in this plate,

and 1, 2, 3, 4, [Tab. III.] are fo many other in-

fiances taken from the regiffer of the obfervations

at that time. But, as this appearance, of the umbra
changing, is evident from a bare infpedtion of the

figures, wre have omitted any unnecelfary deferip-

tion of them. Thefe eight cafes are taken out

from above 40 others of the fame kind ; and in them
all, the nuclei were in the middle of the umbras,

before their approach to the limb. It may be re-

marked, that in fig. 2. [Tab. II.] the fame fpot c

traverfed the difc.and had its umbra changed, both

in the coming on and going off. In general, we have

found that the umbra thus changes, when a fpot is

about a minute didant from the. limb, at a medium.
From
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From all thefe obfervations, may we not fafely

conclude, that every fpot confiding of a nucleus and

furrounding umbra,, as defined by scheiner and

hevelius, is of the fame kind with thofe above de-

ferred r But as, in refearches of this fort, we can ne-

ver be too cautious in making a general conclufion,

fo I would humbly recommend thefe obfervations to

every lover of the fubjed, to thofe efpecially who
are provided with large and good telefcopes; for,

without this advantage, I have found by repeated

trials, that I could not difcern the minute changes

of the fmall fpots.

In the courfe of the foregoing obfervations, X

had occalion to remark, five different times, another

extraordinary circumflance of the fpots, which I

have not feen mentioned, by any one who has

written upon the fubjeft. It confifls of changes,

which feem to arife from a difturbing force, when
one fpot breaks out in the neighbourhood of ano-
ther. The firft cafe of this fort which I met with,.,

was on Nov. 9th, 1770, when the umbra of the fpot

?n, fig. 1. [Tab. IV.] although a great way from the

limb, was deficient .awards the right hand, at

which fide, and very near it, there lay another fpot

much fmailer. In like manner, the two fpots n and

oy fig. 2. [Tab. IV,] which lay very near one another,..

had each of them that fide of its umbra, which.,

faced the other,, taken aWdy.But it was remarkable,,

that, three clays after, the fpotc had nearly vanifihed,.

when the fide of the umbra of the fpot a, which
faced it, began now to dilate. In fig. 3, the fpot 7V
had its umbra flattened upon oppofite fides, by
three fmall fpots on one hand, and one upon the

2 other.
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*other. ‘Again, in fig. 4, the two fpots q t
rt had their

i umbra? deficient , by the intervention of fome fmall

fpots, that lay between them.

Now it mull here be particularly remarked, that

7 though a fpot, when undifturbed, -will, when near

1 the fun’s limb, exhibit the change of the umbra
formerly mentioned, yet it is plain, that a cafe

may now and then occur, when this change will

, be counterafled, by means of the phenomenon
which we have juft now delcribed. For if we
fhould fuppofe, for example, the fpot m, fig. 1.

Tab. IV. to have been on November 9th, near the

weftern limb, -it is evident, that we fhould have

.formed a different judgment concerning- the change

of the umbra. And accordingly, in the courfe of

the obfervations formerly mentioned, I in reality

: met with three cafes, when this change did net

take place.

I am ienfible, that it may be thought ftrange,

that none of the obfervers, who had looked at the

folar fpots with lo much attention, fhould ever

have taken notice of the gradual changes above

delcribed. This partly may be accounted for from
the following considerations. We have already

fee 11, that conjectures, concerning the nature of the

fun, were early indulged in the courfe of this in-

quiry. His body was thought to be an immenfe
globe of fire, which was for ever raging with the

moft fervent heat. Jdence the firft oblervcrs, re-

Hefling upon the perpetual generation, changes,

and decay of the fpots, and that through lo wide

ap. extent of his lurface, very naturally imagined,

ihat they could confift of nothing but fmoke and
o- rollerD
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groffer exhalations, or fuch tranfient and; perishable

materials. This hypothecs had at. leaft the air of

being fupported by a very plaufible analogy. The
minds of men being carried away by fuch prepof*’

feflions, it would lels1 readily occur, that fuccefsful

obfervations were only to be made, by an accurate

and critical attention to thofe minute' changes,

which the Ipots fometimes undergo. But what
would ftill more conduce to this overlight, was
the method, which moll ofthem followed, in mak-
ing their obfervations. This was by the camera ob-

fcura, which both scheiner and hevelius of-

ten ufed, and which we find greatly extolled by
them, and defcribed at great length in their

writings. But fpots, when leen in this way, have

nothing of that diftinflnefs, which is fo remark-

able, and fo'plealing, when they are viewed direftly

through a good telefcope armed with an heliofcope
3

>

or glals properly fmoaked,

,

O’K \' d
> p 11] ' ;
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PART II.

I
T appears then that the Tolar fpots are immenfe
excavations in the body of the fun ; and that

what hitherto hath been called the nucleus is the

bottom, and what hath been called the umbra the

Hoping (ides of the excavation. It alfo appears,

that the Tolar matter, at the depth of the nucleus,

does not emit light, or emits To little, as to appear

dark compared to that refplendent fubdance at the

Turface ;
that this beauteous fubdance is at the

furface, mod fulgid ; and when any of it is, Teen

below the general level, forming the Tides of an
excavation, that then its ludre is Tomehow im-
paired, To as to give the appearance of a furround-

ing umbra. Here our induction ends. To pro-

ceed further would be to carry it beyond its true

limits, and to intermix with conclufions, which are

certain and manifed, the fuggedion of hypothefes,

which at bed are precarious and liable to error.

But from what we have now Teen, many curious

Speculations do naturally prefent themfelves. By
what myderious procefs is it, that thofe adonifh-

ing excavations are at fird produced? What is the

nature of that lhining fubdance, which is thereby

perpetually didurbed? To what are we to afcribe

:the darknefs of the nucleus, and the diminilhed

ludre of the umbra ? And what conceptions are we
-to form of the many drange changes, and at length

of the final decay of all thefe appearances, whereby
*thofe regions of the Tun, that were To hurt and dif-

•figured, again undergo a renovation?

We
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We often find scheiner *and hevelius men-
tioning many things concerning the fpots, which
appeared to them very inexplicable, hevelius,

when fpeaking of the vaft number of fpots which

break out upon the fun, and of the prodigious fize

of fome of them, admires how from his fingle

body fo much matter, exhalations, &c. could be

generated, as in any degree to be adequate to fo

many and fo vaft phasnomena. “ Nuclei autem,

“ (fays he, Cometograph. p. 401) macularum
« lcilicet partes denfiores, faepiusnnam partem cen-

“ tefimam, imo quinquagefimam, de folari dia-

« metro occupant ;
fic, ut paucis dicam, immania

(i et admiranda funt corpora. Adhasc, intelledlum

“ humannm fere fuperat, quomodo unquam, ex
“ unico ifto corpore folis, tantum materia?, totque

exhalationes vaporefque erumpere ac produci

“ queant, quo talia vaftiffima phenomena procreari

“ poffint.” Again, scheiner, when fpeaking of

that property of the fpots, where a large nucleus

is often divided into two or more nuclei, feems

greatly puzzled to account for it. Sell. Rofa Ur-
iina, p. 498, fays: “ Ex uno ftepe m-agno nucleo
ci fiunt duo, tres, plurefve, non locali partium ip-

M fius diftradtione, led intervallorum nefcio qua
“ exinanitione. Manent enim illorum centra in-

“ ter fe jequaliter diflita.” Many inftances of this

fort could be brought ; and indeed, coriftdering the

contrariety,betwixt any hypothefis they had formed,

and what would now feem to be the real condition

of the phaenomena, it is no wonder that fuch diffi-

culties fliould occur. Every theory, how ingenious

foever, which is founded upon a mifapprehenfion

Vol. LXIV- D » of
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©f things, is apt to be prefled with many difficul-

ties; and whenever palpable contradictions appear,

they may be regarded certainly as proofs of our
having fallen into error. Upon this principle, I

think, we might freely have rejected any theories,

hitherto entertained, concerning the folar fpots, tho*

their falfity had not become manifeft from more
enlarged experience and obfervation. It muft in-

deed be acknowledged, that it is very difadvanta-

geous to fcience, to indulge much in hypothefes,

the truth being rarely hit upon in this way, and
very often miffed.. Sometimes, however*- it may
not be improper, to throw out hints and conjec-

tures, when we can attain to nothing better, pro-

vided we are at due pains to diftinguifh betwixt

fuch and that real knowledge, which we derive, by
ftriCt induction, from inconteftable principles. The
beft way therefore, of preferving fo proper and

neceflary a diffinCtion, will be to propofe what:

further remains to be faid, upon thisfubjeCt, in the

form of queries; becaufe, however plaufible they

may appear, they are at belt but matter of conjec-

ture. Hints, when propounded in this way, are

freed from the danger of making us reft in any

error, whiKt, fooner or later, they may become
helps in leading us to a right underftanding of the

fubjeCt.

The queries which we fhall proceed to make,
are chiefly founded upon the following phaenomena,

of the fpots, as dfefcribed by Schemer and Heve-
lius.,

i- Every fpot which hath a nucleus, hath al~

fb an umbra furrounding it. Vid. Schemer, p. 496.

Hev. p. 409. 349-
2 2, The
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2. The boundary betwixt the nucleus and um-
bra is always diftinft and well defined. Vid.

Scheiner, p. 497.

3. The encreafe of a fpot is gradual, the breadth

of the nucleus and umbra dilating at the fame

time. Vid. Scheiner, p. 491, &c.

4. In like manner the decreafe of a fpot is

gradual, the breadth of the nucleus and umbra
contrafling at the fame time. Sch. p.491.498.

5. The exterior boundary of the umbra never

confifls of fharp angles, but is always curvilinear,

how irregular fbever the out-line of the nucleus

may be. Sch. 51 1.

6. The nucleus of a fpot, whilft on the de-

creafe, in many cafes changes its figure, by the

umbra encroaching irregularly upon it ; infomuch
that, in a fmall fpace of time, new encroachments

are difcernible, whereby the boundary, betwixt the

nucleus and umbra, is perpetually varying. Sch.

514. Hev. 412.

7. It often happens, by thefe encroachments, that

the nucleus of a fpot is divided into two or more
nuclei. Sch. 498.

8. The nuclei of fpots vanifh fooner than the

umbrae. Many inftances of this fort are to be

teen in Hevelius’ plates, and the fame is affirmed

by Mr. Derham in The PhilofophicalTranfaflions.

9. Small umbrae are frequently feen without
nuclei. Sch. p.497-.

10. An umbra of any confiderable fize is feldom
feen without a nucleus in the middle of it. Ibid.

11. When a fpot, which confifted of a nucleus

and umbra, is about to difappear, if it is not fuc-

D 2 ceeded
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ceeded by a facula, or more fulgid appearance,

the place, which it occupied, is foon after not dif-

tinguifhable from any other part of the fun’s furface..

This' is certain from the accounts of all ob-
fervers.

QJJ ERIE S and CONJECTURES,
tending to explain the above properties of thefpots.

When vve confider, that the folar fpots, fome of

whofe properties have juft now been enumerated,

are fo many vaft excavations in the luminous fub-

ftance of the fun, and that, wherever fuch exca-

vations are found, we always difcern dark and ob-

fcure parts fituated below; is it not realbnable to

think, that the great and ftupendous body of the

fun is made up of two kinds of matter, very dif-

ferent in their qualities ; that by far the greater

part is fo 1 id and dark ; and that this immenfe and

dark globe is encompafled with a thin covering of

that relplendent fubifance, from which the fun

would feem to derive the whole of his vivifying

heat and energy ? And will not this hypothecs
help to account for many phenomena of the fpots

in a fatisfaflory manner? For if a portion of this

luminous covering were by any means difplaced,

fo as to expofe to our view a part of the internal

dark globe, would not this give the appearance of

afpot? In this cafe, would not that part of the

dark globe, which is now laid bare, correfpond to

the nucleus, and the Hoping fides of the luminous

matter to the umbra? And is not this confonant

to that property of a fpot mentioned in the firft

atticle ;
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article; for would it not hence follow, that every

fpot, having a nucleus, fhould alfo have an umbra
furrounding that nucleus, a natural account being

at the fame time fuggelted, for the boundary be-

twixt the nucleus and umbra being always dif-

tincity defined, as mentioned in the fecond ar-

ticle.

Although we may never have a competent no-

tion of the nature and qualities of this fhining and

refpiendent fubftance, or of the means by which
the excavations in it are formed ; we however
difcover, in their production, the agency of fome
mighty, though unknown, caufe, which is there

often exerting itfelf. Although we manifestly

behold its effeCts, yet the mode of its operations

may perhaps remain unfearchable. But if we
were here to. venture a conjecture, might we not

fuppofe, that the luminous matter is fo difturbed,.

and the excavations in- it occafioned, by the

working of fome fort of elaftic vapour, which is

generated within the dark globe? And might not

this elaftic principle, by its expanfion, fwell into,

fuch a volume, as to reach up to the lurface of the

-luminous matter, which would' thereby be fepa-

rated and laid abide in all directions ? And for as.

much as there is no regularity in the time of a

fpot’s enlarging, compared to the time of its.de-

creafing, fome enlarging quickly, and decreafing

flovvly, and vice vcrja, may we not imagine, that

this is owing to the duration and quantity of the

elaftic principle now mentioned ? and in general,

may we not from hence form fome idea of the

production and fubfequent enlargement of a fpot,

as mentioned in the 3d article.?

But
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But to proceed. As we know, from experience,

that the {pots are of a tranflent nature, not lafting

upon the fun for a long fpace of time, does it not
feem reafonable to think, that their gradual de-
creafe, as mentioned in article 4th, is occalionedby
the luminous matter encroaching again upon that

part of the dark globe, which had been uncovered ?

And from this may we not infer, that the lumi-
nous matter gravitates, and is in fome degree fluid;

for thereby would it not have a tendency to flow

down, in all directions, and encroach, fo as at laft

to cover the nucleus? And do not thefe things

appear further probable, when we reflect upon that

uniform inclination, which the fides of the umbra,
or excavation, have to the external furface of the

fun’s body? For does not this indicate a fluid fort

of matter gradually yielding to the force of gra-

vity ? And again, is not this notion further fup-

ported, when we confider the property mentioned

in the 5th article, namely, that the exterior boun-
dary of the umbra never conflfts of (harp angles or

turnings, but is always curvilinear, and, moft fre-

-quently, of a round form: for we know, that this

boundary is nothing elfe but the lip of the exca-

vation, which, on fuppofition that the luminous

matter pofleffes fome degree of fluidity, will not

be difpofed, either in enlarging or contrafling, to

..become irregular by fudden or {harp turnings?

Upon fuppofition that the furface of the dark

globe of the fun is fmooth and level, it may be

surged, that the nucleus of a fpot, whilft upon the

decreafe, lhould, according to the prefent view of

things, always acquire a figure, at leaft nearly, cir-

cuit.
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cular, and that the luminous matter, continuing to<

flow down on all Tides by an equal gravity, fhould

To encroach upon the nucleus, as to make it retain

that figure, till at laft it be entirely overflowed.

But this not being the cafe, and becaufe it mod
frequently happens, that the encroachments of

the umbra upon the nucleus are extremely variable,,

as mentioned in the 6th article, may we not from

this infer, that the Turface of the internal dark

globe of the fun,, is by no means fmooth and level,

but on the contrary very irregular, for, upon this

fuppofition, if for example the area of the nucleus

of a great fpot were To diverfified by mountains

and vallies, would not the encroachments of the

luminous matter be confequently irregular andr
aucording as it was more or lefs retarded or accele-

rated, at different places, by being contiguous to*

prominencies or hollows, would not all the al-

terations in the figure of the decreafing nucleus,,

how variable foever, be thus plainly accounted

for? and becaufe it often happens, that the nu-
cleus of a fpot, whi lft on the decreafe, is gradually

cut in pieces by a luminous zone or zones, which
wander acrofs it, as mentioned in the 7th article,

does not this look like the gradual flowing in of

the luminous matter, as it were, into deep chan-

nels, which would thus appear to abound in the

furface of the fun’s dark body? If we reflect upon;

the irregularities, which are upon the furface of this-

earth, and upon the enormous mountains and
cavities, which are in the moon, may we not, from;

inch analogy, imagine, that there may be the like*

or much greater, irregularities in the furface of the-

fun,??
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fun? I may here take notice of a curious inftanee

of a nucleus being divided into two parts, which
fell under my own obfervation. On October 8th,

1770, the fpot s, Tab. IV. haft a fmall jutting

in of the luminous matter, upon the oppofite tides

of the nucleus, which, by the 10th day, had ad-

vanced contrary ways, fo as to meet, by which
means the nucleus was now divided into two parts,

as reprefented by fig. t. It was here very re-

markable, that the parts of the umbra oppofite to

this cut in the nucleus, were dilated as in fig. /.

May not this dilatation have been occafioned by
the rapid flowing in of the luminous matter into

the deep channel below?

Is not the property mentioned in the 8th article,

•namely, that the nucleus of a fpot vanifhes fooner

than the umbra, alfo agreeable to the prefent

views? from this ftate oft the phenomenon, we
fuppofe that that part of the fun’s dark body,

which had been uncovered and expofed to our

view, when the fpot firft broke out, is now again

juft overflowed by the gradual inundation of the

luminous matter. But, after the nucleus thus dis-

appears, may there not however, in many cafes,

be ftill left a cavity in the luminous matter, large

•enough to be perceived? and will not this. cavity,

fo long as it continues, give the appearance of a

fmall undivided umbra? and will not this umbra
ftill be perceivable, till the luminous matter, by
continuing to flow in, has filled up the cavity?

.after which, will not the place of the umbra ac-

quire the lame luftre with the reft of the fun’s

iurface, .and thus will not all traces of the fpot

vanilh
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vanifh from his body r And do not the particulars

mentioned in the 9th 10th and nth articles feem

agreeable to what is now fa id-?

Both sc hein e r and kevelius leem to think,

that fpots fometimes alter their place upon the difc,

not only by the fun’s rotation round his axis, but

alfo by a motion, which they impute to the fpots

themfelves. This 1 could never obferve. It is

very true, that when a number of fmall fpots lye

near one another, there may be from time to time

a change of their relative fituation, but it is plain,

that this may proceed entirely from fome of them
cncreafing and others diminishing irregularly. But

what would further contribute towards forming a

judgment of this kind is, the apparent alteration

of the relative place, which mull arife from the

motion acrofs the difc on a fpherical furface ; a

circumftance which I am uncertain if it has been

fufficiently attended to.

What has been advanced, in the courfe of the

foregoing queries, may perhaps be rendered ftill

more probable, by considering the obfervations re-

lated in the firft part of this paper, concerning the

changes which are made upon the figure of a fpot,

when another breaks out in its neighbourhood ;

and which feem to arife from a difturbing force.

For, from the cafes there laid down, would it not

appear, that when a fpot is breaking out, the lu-

minous matter is then forced, in all directions, from
the nucleus, and is affeCted much in the fame
manner, as it would be, were it a fluid matter en-
compalfing the fun’s dark body ?

Vol. LXIV. E As
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As to the particular nature and qualities of this

luminous matter, we have been fometimes apt to

imagine, that it cannot well be any very pon-
derous fluid, but that it rather muft referable as to

its confftence a very denfe and thick fog, which
broods on the furface of the fun’s dark body. How
far will this idea tend to facilitate our conceptions

of the various phenomena of the fpots above de-

fcribed ?

It has been gathered from many obfervations,.

that the time which the fpots take to traverfe the

whole difc, is nearly equal to the time that they
are hid by being on the oppofite furface. It is plain,

that the time of their appearing upon the difc muft
be fome fmall matter fhorter than that of their

-

being hid behind it, on account of our not feeing a

complete hemifphere of the fun. But further, it

muft now be conlidered, that when a fpot juft enters

the difc, the part, which is firft vifible, is the fartheft

umbra, by which time the fpot has really advanced

a whole diameter of itfelf upon the dilc. And
again, when the fame fpot goes off the difc,. it is

evident, that the part, which is laft vifible, is then

the fartheft umbra, on which account the con-

tinuance of the fpot upon the difc will be ftior-

tened by an interval of time, which correfponds

nearly to the whole breadth of it. This, as well

as the other appearances, defcribed in the firft part

of this paper, concerning the change of the umbra
and figure of the nucleus, when fpots approach

the limb, are all well illuftrated, by making, in.

a fphere, an excavation fimilar to what we have

defcribed, the bottom of which may be painted

black;
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black to reprefent the nucleus, and the Hoping

Tides (haded, if the fphere be of a light colour..

According to the view of things given in the

foregoing queries, there would ,feem to be fome-

thing very extraordinary in the dark and un-

ignited ftate of the great internal globe of the

fun. Does not this feem to indicate, that the

luminous matter, which encompalfes it, derives

not its fplendor from any intenfity of heat? For,

if this were the cafe, would not the parts un-

derneath, which would be perpetually in contact

with that glowing matter, be heated to fuch a

degree, as to become luminous and bright? At
the fame time it mull be confeifed, that although

the internal globe was in reality much ignited,

yet when any part of it, forming the nucleus of a

fjpot, is expofed to our view, and is feen in com-
petition with a fubftance of fuch amazing fplendor,

it is no wonder, that an inferior degree of light

fhould, in thefe circumftances, be unperceivable.

In order to obtain fome knowledge of this

point, I think an experiment might be tried, if

we had an opportunity of a very large fpot, by
making a contrivance in the eye-piece of a telef-

cope, whereby an obferver could look at the nu-

cleus alone with the naked eye, without being

in danger of light coming from any other part e,f

the fun. In this cafe, if the obferver found no
greater fplendor, than what might be expected

from a planet very near the fun, and illumined by
as much of his furface as correfponds to the fpots

umbra, we might reafonably conclude, that the

folar matter, at the depth of the nucleus, is in

E 2 reality
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reality not ignited. But, from the nature of the
thing, doth there feem any neceffity for thinking,

that there prevails there any fuch raging and fer-

vent heat, as many have imagined ? It is proper
here, to attend to the diftin&ion betwixt this

fliining matter of the fun, and the rays of light

which proceed from it. It may perhaps be thought,
that the re*aCtion of the rays upon the matter, at

their emifhon, may be productive of a violent

degree of heat. But whoever would urge this ar-

gument, in favour of the fun being intenfeiy heated,

as arifing from the nature of the thing, ought to

confider, that all polifhed bodies are lefs and lefs

difpofed to be heated, by the aCtion of the rays of
light, in proportion as their furfaces are more po-
lifhed, and as their powers of reflection are brought
to a greater degree of perfection. And is there not

a ftrong analogy betwixt the re-aCtion of light upon
matter, in cafes where it is reflected, and in cafes

where it is emitted ?-

It may perhaps be expeCled, that, in this paper,,

mention fhould be made of the other appearances,

that are difcernible upon the furface of the funy

befides the fpots properly fo called; I mean the fa*

culre, luculi, &c. as defcribed by Scheiner and He*
velius. But all thefe phenomena feem to be fo

different from any thing we have confidered, and
fo unconnected with the prefen t difeovery, that

little affiftance can be brought from that quarter

towards a right conception of them. As to the

faculae, or brighter parts of the fun, we are at a

lofs for their origin. It may in general be re*

marked', that although we have obtained an expe*

rimentah
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nmenta! proof, that the luminous matter acquires

fome degree of (hade, when forming the (ides of an

excavation, yet it is uncertain, if this be merely the

effect of petition, and much more fo, if any dif-

ferent modification ofpofition could ever diipofe it

to put on a brighter or more fulgid appearance.

Yet, after all, may not thefe faeuUe, &c. depend

upon fome irregularities in the bright furface of

the fan ? For may not the luminous matter, by be-

ing agitated by the fame eaufe to which the lpots

owe their origin, though in a left degree, have its

lurface perpetually difturbed, and made irregular,.,

and thus give occafion to a variety of light and
(bade, fufficient perhaps to produce the phenomena
under conlideration ? And does not tins conjecture

receive further confirmation, when we confider,

that thefe facula?, &c. are found only in that zo-

diac, within which the fpots appear, and that they

always abound molt in the neighbourhood of the

fpots themfelves, or where fpots recently have
been ? For in t'nofe undifturbed regions of the fun

which lye towards his poles, and where no fpots

ever appear, and which sciieiner calls the plagce

tcquabiles, we never difcover any diverfity of ap-
pearance.

Thus we have endeavoured to give a general

idea of the production, changes, and decay of the

Iclar fpots, confidered as excavations in the body
of the iun; a thing which feems to be eftnbl iilaed •

from the obfervations deferibed in the firft part of
this paper. But concerning the nature of that

mighty agency, which occafions thole amazing
commotions in the luminous matter, or concern-

mg.
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*ng the denfity, vifeidity, and other qualities of this

matter, or the manner in whicn it is difturbeclin

the middle zone only, and not at the polar re-

gions, and many fuch other queftions, I freely

confefs, that they far furpafs my knowledge.

To conclude ; as what hath now been laid may
open a new field of inquiry into this fubjedt, lo a

difeuffion of thefe curious points ma7, fome time or

other, fall to the fiiare of abler me n, whofe love

of philofophy may induce them to purfue fo noble

an invefligation.

II. Ajlro*
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II. Ajlronomical Obfervations by the Mijjio-

naries at Pekin. Tranfmitted to the Su-

pra-cargoes 0; -Canton, by the Rev. Father

Louis Cipolla, of the Tribunal of Mathe~

mattes, and communicated to the Royal

Society by the Court of Dirc&ors of the

Eaft-India Company *.

PREFACE, BY THE ASTRONOMER ROYAL,

flcdde, Nov. 4,

‘ 773 -

OS T of the following Obferva-M tions appear to have been made
with a telefcope of eight feet, to which a micrometer,

for meafuring differences of right afeenfion and de-
clination was occafionally adapted. There was
befides another telefcope of eight feet, confiding of

two objedt-glaffes, in the manner of rqemer,
which might be brought nearer together or fepa-

rated, in order that the moon’s diameter might
completely fill a fine reticule, in the focus, divided

into twelve equal parts, for meafuring the digits

eclipfed in lunar eclipfes. It is mentioned in the

account of the lunar eclipfe of Nov. 12, 1761, that

* The Society was favoured with another copy of thefe Ob-
servations by John Blake, Efq. of Parliament-ftreet, to whom
they Were tranfmitted by his fon John Bradby Blake, Efq.
Supra-cargo at Canton.

Vol, LXIV. E 4 - the
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the clock was regulated by a tranfit inftrument.

It is therefore probable, it was regulated in the

fame manner in all the fucceeding obfe-rvations,

which confjft of the following particulars.

1. Obfervations of- the lafl-tranfit of Venus -over

the Sttn, viz. of differences of right afcenfion and
declination between Venus and the Sun, and- the

internal and external- contadt of the limbs at the

egrefs. It is however remarked, that the clock was
counted by a perfon, who was- fometimes found

to make miftakes.

2. The eclipfe of the Sun,-May 25, 1770." The
beginning and end were obferved, and the lucid

parts meafured, during the eclipfe, with the micro-

meter,

3. The beginning and end of the eclipfe of the

Moon, Odt. 23, 1771.

4. EmerfiOn of Jupiter fromr occupation by the

Moon, July 5,- 1770. -

5. An Occupation of Spiea Virginis by the

Moon ; the immerfion and emerfion both obferved;

Jan. 25, 1772.
6. The 'occupation of a ’ Par in- Scorpio by

the Moon ; the -immerfion and emtrfion both ob-

ferved.

7. The obfervation -of Venus in the Sun’s paral-

lel, Jan. 5, 1772, by taking the difference of

right
1

afcenfion- and- declination of Venus and the'

Sun, v

8. The total eclipfe of the Moon, Nov. 12, 1.7^1,

The beginning, total immerfion, emerfion, and end^

were obferved by three different • obfervers, with te--

lefcopes of 5, 7, and 8 feet, in the domeftic obfer=

1 vatory
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vatory of the College of the Jefuits j where alfo all

the former obfervations were made. The fame

eclipfe was alfo obferved at the Royal Obfervatory

at Pekin, 14" weft of the Jefnit’s College, with a

telelcope of 8 feet, compofed of two objedt-glaffes,

with a reticule at the focus, divided into 12 equal

intervals for meafuring the digits eclipfes, in the

manner of roemer. It is remarked, that the leaf,

in which this obfervation was recorded, had been

loft, and was found again, 0<ft. 12 , 1772: on
which account this obfervation was never tranf-

mitted to Europe before.

NEVIL MASKELYNEo*

Vol. LXIV. F Tran fitu&
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Tranfitus ? infra difcumo, die 4 Junii, anni

1769. Pekini, in reiidentia S. Jofephi, tubo

8 pedum, obfervatus.

Temp. ver. mat.
t / // / n

4 42 5 limbus occ. 0 ad horarium

4 44 21 limb. ort. 0 ad hor.

2 16 mora diametri 0 - - - - 3 1 38

4 mora diam. ? - - - - -
5 6

4 54 39 limb. occ. 0 ad hor.

4 55 55 centr. ? ad hor.

1 16 ¥ a limb. bor. 0 - - 5 5

5 19 36 limb. occ. 0 ad hor.

5 20 45 cent. ? ad hor.

1 9 ¥ a limb. bor. 0 - - - " 5 3°

5 24 44 limb. occ. 0 ad hor.

5 25 5 2 cent. ? ad hor.

1 8 $ a limb. bor. 0 - - " 5 35

5 53 3° limb. occ. g ad hor.

5 54 3° cent. $ ad hor.

181 (7 ¥ a limb. bor. 0 - - - - 6

5 57 5° limb. occ. 0 ad hor.

i> 5^ 49 cent. ? ad hor.

59 ¥ a limb. bor. 0 - - - - 6 3 6

6 2 5 6 limb. occ. g ad hor.

6 3 53 cent. ¥ ad hor.

57 ? A limb. bor. 0 - - 6 44
b 42 1

6

limb. occ. g ad hor.

b 43 cent. ¥ ad hor.

47 ¥ a limb. bor. g * - - - 7 2 5

Temp.
4
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Temp. ver. mat.
ft*** / rt -t

6 5 1 42 ! limbus occ. 0 ad horarium

6 5 2 2 7 centr. ? ad hor.

44 ? a limb. bor. © -
%

- 7 28

7 o 2 limb. occ. 0 ad hor.

7 o 44 s

cent. ? ad hor.
*

42 ¥ a limb. bor. © - - - - 7 18

7 4 7* limb. occ. © ad hor..

7 4 48 cent. ? ad hor.

40

1

¥ a limb. bor. © - - - - 7 24

7
7

7 r 3 limb. occ. © ad hor.

7 53 cent. ? ad hor.

40 ¥ a limb, bor. © - - - - 7 25

7 *5 53 limb. occ. © ad hor.

7
*

1

8

3 1 cent. ¥ ad hor.

q 8 ¥ a limb. bor. © - * 7 33
7 5 2 36 limb. occ. © ad hoi1

..

7 53 4 cent. ¥ ad hor.

28 ? a limb. bor. © - - - - 8 10

7 53 5i limb. occ. © ad hor.

7 52 3 2 cent, ¥ ad hor.

261 ¥ a limb. bor. © - - - * 8 r4
8 3 2 limb. occ. © ad hor.

8 3 28 cent. ¥. ad hor.

425 ! ¥ a limb. bor. 0 - - - - 8 24 .

* The fame in both the manufcripts. But there muft be an
error either in this number, or that next above. S. Horsley,.

f The manufcripts ftill agree. The error probably lies upon
the number next but one preceding, viz. the time of the appulfe

of the q’s weft, limb to the hor. wire; which may have been

2 3 2|. S. Horsley.

F 2 Temp;
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Temp. ver. mat.
\ f /f * 5?

8

8

8

8

8

8

9

9

9

9

9

6 4f limbus occ. © ad horarium

6 29 cent. ? ad hor.

24I ? a limb, bor. o - - - - 8 38

24 281 limb. occ. o ad hor.

24 48 cent. ? ad hor.

J29I ? a limb. bor. 0 - - - - 8 50
26 2 limb. occ. o ad hor.

26 21 cent. ? ad hor.

19 ? a limb. bor. o - - 858
6 50 Videtur ? proiongari, ac velut radios

emittere ofFufcantes limbum facie oc-

> cidentali Soiis.

7 32 Conta&us interior circularis.

22 8 limb. ort. ? ad horarium.

24 19 limb. ort. o ad hor.

2 1 1 $ a limb. bor. © - - - - 9 54
26 32 Egref. tot. ? a o.

Amice rogatus obfervationem hanc communem
facio, quamvis non nimis confidam, ejus prae-

fertim caufa, qui horoiogio aderat, et quem
in notando tempore minus fidelem aliquando

deprehendi. Ecliplin © hac ipia die fpedtan-

dam nubes eripuere.

% The manufcripts agree : but the error is manifeft. Read

S. Horsley,

Ecliphs
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Eclipfis ©, die 25 Maii, anni 1770. Peking

in refidentia Sandti Jofephi, tubo 8 pedum*
obfervata.

Temp. ver.

h / // f n rrr

Diam.Gcaptaplur.=33^-4-Rev.=3i 35 44
731 7 Cceperat Eclipfis.

731 o Init arbitratum.

Pars o illuminata.

29 25 3 S
27 54 2i

27 27 44
. ------ 26 47 6------ 26 10 40

25 56 40
2 5 3 2 3 1

25 7 37
- ----- 24 42 24

24 II 34
23 35 8

- ----- 22 50 19
- - - - - - 22 36 18------ 22 19 29------ 21 51 28

21 37 27------ 21 16 26
- 21 1- 1

• 20 44 13
- ------ 20 30 11

- - ----- 20 23 11------- 20 9 10

Temp.

7 3* 1

1

7 39 34
7 40 40

7 42 23

7 43 45
7 45 14

7 46 21

7 47 ‘49

7 49 25

7 5° 3°

•7 5 1 59

7 54 3 2

7 55 47

7 57 2 5

7 58 26

7 59 2 9
8 0 3 6

8 1 5 2

8 57
8 4 18

8 5 2 5
8 6 42
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Temp. vef. Pars © illuminata.'

h / "

8 7 49
**

8 9 35
0

S io 49
8 13 1 - - - - - * or

8 13 56
8 15 30
8 16 55
8 1820 -

8 20 30
8 21 33

- - _
- - - - - •• *

8 23 2 -

8 25 30 - - - “ - - —

82712 - - - - - - —

8 28 30
-

8 35 3+
- - -

:

- • -

8 37 58 - - - • - "" —

8 39 24 -

841 16 -

8 44 1

4

-

8 46 47
8 48 2 - - - - - - -

8 49 16 - - - - - - - *

8 50 26 - - “ - - • **

8 52 37
- - - - - “ “ *

8 56 42 -

8 58 19

9 0 *7 - - “ — •

9 1 41 - - - - • •

9 2 5 8
- - - - - - -

9 5 5* - - ** - * * O

/ rf ///

19 42 33
19 3 2 45
19 1 56
l8 5 8 44
l8 54 56

l8 39 3 1

l8 3 2 3°

l8 3i 6

l8 29 42
l8 24 6

l8 28 1

8

l8 3 8 6

l8 40 55
l8 47 55
19 2

1

33
ip 3 6 57
19 41 9
19 48 9
*9 55 10

21 2 2 5
21 22 2

21 3 1 5i

21 48 40
22 ‘ 2- 40
2 3 5 1 57
24 42 24
25 .7 37
2 5 J 7 26

2 5 24 27

26 44 1

8

Temp*
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Temp. ver. Pars o illuminata.

\ f tf f ft tr?

9 7 42 - -- -- -- - 27 29 8

9 9 27 -------- 27 55 45

9 10 49 - - 28 ] 3 59
'

9 r2 6 -------- 28 33 36

9 I 3, 44 -------- 29 7 13

9 14 52 -------- 29 17 2

9 17 34 ------- 30 48 6

9 19 52 Finis Eclipfeos.

Eclipfis I , die 23 Odtob. anni 1771. Pekini,

in refidentia S. Jofephi* per me asgrotum ob-

fervata.

i» / n

11 22 6 I nit. Eclipfeos.

*3 37 *3 Finis.

Maximam Eciipfin non notavi.

U
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« te&us, die 5 Julii 1770. Pekini, in refidentia

Sandti Jofephi, tubo 8 pedum, obfervatus.

Ingreflum non obfervavi, tarde accedens ad obfer-

vandum.
Temp. ver.
h in 9 n

7 57 29 egredi ccepit.

7 59 59 egreiTus totalis.

8106 limb. occ. a ad horarium.

8 1 1 20 centr. Tychonis ad hor.

1 14 Tych. a limb. bor. £ - - - 24 59
8 18 20 limb. occ. a ad hor.

8 19 34 centr. Tych. ad hor.

1 14 Tych, a limb. auft. c - - - 4 51
Igitur diam. a ----- 29 50
Capta alias ------ 29 52

82556 % cent, ad hor.

8 27 26 cent. Tych. ad hor.

1 3
° 2 5 57

8 26 2 it

8 36 46 T
1 43 * 24 18

8 45 20 it

8 47 9 T
1 49 2 5 5

8 53 27 it

8 55 29 T
22 -------- - 25 13

* The manufcripts agree. It is uncertain, whether the error

be upon the number next preceding, or the next but one.

S. Horsley.
Temp.

N



[ 41 3

Temp. ver.
h / // t tt

8 59 3 *
9 i 15 T

212 - -- -- -- -- 35 £2

9 12 24 n
9 14 40 T

2 16 25 37
9 19 n 1;

9 21 46 T
2 36 - - - -- -- -- 2548

9 28 29 %
9 31 22 T

2 53 --------- 26 12

9 34. 19 u
9 37 20 T
31 - -- -- -- -- 26 22

9 H 56 v
9 45 9 T

3I2 --------- 26 29

9 52 49 n
9 56*7 T

3 28 - - - - -- -- - 26 39
io 5 6 if.

10 8 53 T
3 47 - - - - 26 43

10 14 37 if

10 18 37 T
40 - -- -- -- -- 26 44

* It is fo in both the manuscripts, but if the numbers next above

and next below be right, this ought to be 17. S, Horsley.

Vol. LXIV. G Adde
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Adde fequentes obfervationes eodem tubo per me
fadas.

In reiidentia Sandi Jofephi.

/ n

^ Spic. Virg.a d teda, d. 25
0

. Jan. 1772.
Ingr. 5

h 27' 41" t. v. a limb. b°r. a 29 2

Egr. 6 34 07 ^ a limb. bor. a 19 3°
Capta d diameter. 32 29.

In refidentia Sandi Jofephi.

% Scorp. a d teda, d. 29
0

. Jan. 1772;
Ingr. 4

11
1 6' 35" t. v. a limb. auft. d 13 0.

Egr. 5 33 31 ^ a limb. auft. d 20 9.

Capta 4 diameter. 31 53

In collegio Pekin.

? in parallelo o’
5 d. 5

0

. Jan. 1772.
diam.0

6 h
33' 47" limb. ort. © ad hor. 31 44.

q 55 05 $ ad hor. a parallel, limb. bor. 22 11

3 16 15 diff. afc. dift. decl. 9 33

Eclipns



[ 43 ]

Eclipfis Lunas totalis, anno 1761, Novembris 12%
vefpere obfervata, Pekini Sinarum.

In Obfervatorio domeftico Collegii See. Jefu.

P. Florian

Bahr.

Tubo
5 pedum

P. Ignatius

Francifco.

Tubo 7 pedum.

P. Jofephus

Bernardo

Tubo 8 pedum.

Initium Eclipfeos

h / //

5 29 12

h / //

5 28 4

h / //

5 2 9 3
Immerf. tot. Lunas 6 28 59 6 24 33 62718
Init. emerf. Lunae 8 2 37 872 8 4 23
Finis eclipfeos 9 4 3 2 9 4 42 9 3 5 2

Medium, ex init.]

7 16 5 2et fine - - J
7 16 2 3 7 16 27

Med. ex immer.

'

et emerf. - „
7 48 7 l 5 -47 7 15 50

Et horum med. 7 16 20 7 16 5 7 16 8

Ex his confit med. eclipfeos 71611

Et obfervata funt haec ad pendulum, quod quotidie

ad folem et ftellas exigitur, telefcopio meridiano,

quod, vocant “ l’inftrument des palfages.*’

G 2 In
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In Obfervatorio Regio, tubo 8 pedum cum duo-
bus objedtivis et reticulo.

h / // h / n

Xnitiumeclipfeos 5 27 3° Initium Emerf. 8 5 3°

Digit, umbrae I. 3 2 3 ° Digit, lucis I. 1

1

O

II. 37 0 II. 16 0

III. 42 0 III. 21 3°

IV. 47 0 IV. 26 3°

V. 52 0 V. 3 1 0

VI. 57 0 VI. 35 3 °

VII. 6 2 0 VII. 4 1 0

VIII. 7 0 VIII. 46 0

IX. 1

1

0 IX. 5° 3 °

X. 16 0 X. 55 0
XI. 22 0 XI. 9 0 0

Immerf.Lunae tot. 27 0 Finis eclipf. 5 0

Ex his conficitur medium eclipf. 7 16 20-

Atqui conftat obfervatorium. regium orientalius

elfe collegio 14" pend.

Obfervata font • ftaec ad horologium manuale
bonae notae, quod ante cum eodem pendulo com-
pofitum, et poll cum illo collatum fibi probe con~

-

liitit, uti alias folet*..

'.era .



Tempora funt vera omnia. Numeri ab obfer-

vatione intadti. Caelum toto tempore ferenum fuit,

et quietum a vento ; umbra tamen terras admodum
non terminata, praefertim initio : Luna in umbra
Temper clare viia tota, margine bene terminato

;

quin tamen maculae diftinguerentur. Color Lunae
inftar ferri candentis; poft immerfionem obfcurior,

et ante emerbonem obfcurior, qua axem umbrae, in

medio umbrae obfcurior, qua centrum terras fpefta-

bat. Paullo ante' initium emerfionis vifa flellula i

be fatis lucida, verticaliter Lunte imminens, nempe
in tubo fitu inverfo, diftans a limbo Lunae quad
.i diametri; et fpes erat videndi hujus occultatio-

nem, antequam eclipbs bniret: fed vix digitus unus
Lunae emerbt, cum lumine Lunae extindta videri .

debit. * Poito,
.

h >. ' r J

Medium Eclip- f D. Halleii 7 20 56
feos dabant < D. Caffrni 7 23 20 ,

tab. I?. Gramatis 7 22
I-nditit. ’ Akron. D. Mon trier* 7' 15 39 (

-

Ephemericks Parifienfes, nef-
3 ^ \ ^ _

cio ex quibus tabulis.
j

^ 33 33 )

Foli urn, in quo praefens obfervatio erat notata, v

perditum fuerat, et, die 19'Odlobris anni 1 772',

cafu inventum ; adeoque hasc obfervatio eclipkos

Lunae nunquam in Europam fuit mifia.
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III. The Lunar Eclipfe, 0 £l. n, 1772,
obferved at Canton. Communicated, by

John Blake, Efq . of Parliament-

Street.

Reekie, Nov. 4, 1772.

To John blake, EJq. of Parliament-Street,

Wedminfter.

MY DEAR FATHER,W ITHIN an hour after I clofed my letter

to you, by this (hip, enclofing Agronomi-
cal Obfervations from Pekin, I received the en-

clofed obfervation, of the late Eclipfe, made by a

Jefuit here. An accident prevented their fealing

the packet for a few hours j and Mr. Hume is

now waiting only for this letter of mine to finally

difpatcb.

Canton, Dec. 12, 1772.
per fhip Oiterley.

J. B. BLAKE.

I know nothing of the accuracy of the obferva-

tion, as he is lateiy arrived here *.

* And the time being taken only by a watch regulated by the

fun the day before, the obfervation is not much to be depended

on. Nevil Maskelyne,

1 Obfervatio
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Obfervatio Lunaris Eclipfeos habita Cantonc,

die ii Obtobris, 1772.

Obfervationem inftitui telefcopio 6 palmarum :

tempus adnotavi oftenfum ab horologio parvo

fecundorum, fpira, a mag°. Arnold Londinenfi ela-

borate, quod in meridie vero antecedente correxi j

illius tamen fidelitatem examinare non potui in me-
ridie fequenti. Gcelum erat omni ex parte limpi-

diffimum, et intentus expebtabam penumbra? denfio-

ris adventum, quae tamen valde tenuis apparuit,

ideoque initium non notavi.

h / //

Jam caeperat Eclipfis —
Forfan 32" citius fuiflet.

- 10 54 26

Initium verum —

—

JO 53 54*

Jmmerfio 12 3 29.

Medium —

-

12 58 59
Emerfio —— 13 54 29
Finis —

1

5

4< 4r

I V. Experiments



IV. Experiments on Dying Black
,

by Mr

.

James Clegg, of Redivales, near Bury. In

a Letter to Dr. Percival.

DEAR SIR,

Rcdde, Nov. t^TT I M E having been proved to in-

*773- J j creafe the folvent power of

water, upon allringent vegetables, for medical

purpofes, I was defirous of knowing if it would
be equally ufeful in the art of dying black; to

this end 1 made the following experiments.

EXPERIMENT I.

Four penny-weights of each of the following

afhingents ; videlicet, Galls, Sumach, Oak Bark,

Biflort Root, and Logwood, were boiled during

ten minutes, in half a pint of pure river water;

upon mixing the decoflions with a faturated folu-

tion of martial vitriol, in the proportion of i.

of the folution to q of the decodton, they

ftruck colours differently inclining to blacknefs,

in the following order ; videlicet, Oak Bark,

Biftort Root, Sumach, Galls. I then boiled the

lame weight of all the aftringents, in the fame
quantity of lime water

; and upon mixing them
as



as above, the colours they produced were inferior

to thofe with plain water, the aftringency of the

logwood, or whatever gives it the property of

finking black with green vitriol, was entirely

deflroyed ; it produced not the leafl blacknefs

with any quantity of vitriol.

EXPERIMENT lie

Four penny-weights, of each of the aflringents

above-mentioned, were tritured in plain water, and
four others in lime-water ; the meafures of water

uled were equal to thofe left, after boiling, in the

laft experiment; and, upon being mixed with
martial vitriol as in the laft experiment, the

colours produced, by this means, were fuperior to

thofe produced by boiling. Thofe tritured in lime-

water were judged to be the deepeft, which agrees

with Mr. henry’s experiments ; but we muft
again except the Logwood, which gave no colour

by trituration, more than by boiling in lime-

water.

EXPERIMENT III.

All the above mixtures, having been written

with as inks, and expofed fix months to the air;

thole boiled in lime-water had failed much ; thofe

tritured in lime-water, and in plain water, had faded

a little ; thofe boiled in plain water evidently pre-

ferved their colour befl.

Upon flightly rubbing the faded writings, with

a frefh aftringent liquor, they recovered their ori-

Vol. LX1V. " H ginal
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ginal blacknefs ; by which it appears, that it was

the aftringent parts of thofe Inks which had

failed.

Does it not appear, by thefe experiments, that,,

though lime-water tends to deepen the colour pro-

duced by fome aftringents and martial vitriol,, it

by no means adds to the duration of thofe colours;,

and as lime-water, either by trituration or coclion,

entirely deftroys the property, in logwood, ot

linking black with martial vitriol, it can by no

means be of fervice, in the black dye, where log-

wood is a material ingredient.

Does it not alfo appear, that a flight boiling is

preferable to trituration, for the purpofes of dying,

when a durable, colour is wanted ?

Having obferved. a. folution of iron, in a vege-

table acid, (truck a deeper black, upon mixture

with an aftringent, and produced its effect much
more expeditioufly, than a ftrong folution of mar-
tial vitriol ; it occurred to me, that the iron, be-

ing more flightly combined with the vegetable

acid, than with the vitriolic, made it more £afy*

for the aftringent matter to decompound the for-

mer, and produce an ink;, if this was the cafe, I

fufpefted, that lime-water deepened the colour of

aftringent and chalybeate mixtures, not fo much
by its action upon the aftringent, as upon the

chalybeate, the lime uniting with the fuperabun-

clant acid, and leaving the iron, with fo much of

the acid, as. is neceflary for the formation of an

ink, to be more eafily attached by the aftringent

matter of the vegetable.

But!
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But if this theory was well founded, it fol-

lowed, from analogy, that any fubftance, which
had a greater affinity with the vitriolic acid than
iron had, would produce the fame effedt, in fome
degree, as lime. To determine this

:

EXPERIMENT IV.

I took two veffels-, containing equal meafures of

a (hong aftringent liquor, compofed of galls and
logwood

; into one veflel I put a l'mall quantity

of pearl affies; the other remained as a ftandard.

Pieces of linen and cotton cloth, after maceration
in thefe liquors, were thrown together into a ftrong

folution of copperas ; they were foon after taken

out, and walked in cold water; when dry, the

pieces prepared in affies were, all of them, much
deeper than the others.

I made ufe of different kinds of pearl and pot-

affies, as well as of many kinds of aftringents

;

the affies had the lame effect., whatever aftringent

was made uie of, and the ftrongeft alkali always
produced the deepeft colour; and though affies,

ufed with an aftringent, always gave a deeper black,

than the fame aftringent without affies, yet log-

wood, which without affies gave not fo deep a

colour as galls with them, gave a much deeper-

black than galls with the fame addition.

There w'as a remarkable difference, in this cafe,

betwixt lime and affies, in their effedt upon log-

wood^ with lime it gave no blacknefs, but with

affies it produced a deeper black, than any other

aftringent I made ufe of.

H 2 Being
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Being defirous of trying the duration of colours,

produced by aftringents, in which different quan-
tities of pearl afhes had been diflolved

;

EXPERIMENT V.

In two pints of river water, I boiled one ounce

of logwood, during ten minutes; I then added half

ail ounce of Aleppo galls, and boiled them to-

gether ten minutes longer ; the liquor having ftood

to cool, was decanted off, and divided into iix

equal quantities. N°. i remained as a ftandard*

into N°. 2 I put fix grains of fine pearl afhes,

"N°. 3 twelve grains, N°. 4 eighteen grains, N°. 5
twenty-four grain's, N°. 6 thirty grains ; to fix

drops of each of thefe liquors, I added two drops

of a faturated folution of copperas ; N°. 2 and 3
ftruck a deep black, N‘. 1 and 4 black, but in-

ferior to 2 and 3, N°. 5 a brown black, N°. 6

brown.
From this experiment it appears, that N°. 5 and

6 were fpoiled by an over proportion of afhes..

Before 1 had the pleafure of feeing your experi-

ments, wherein you demonftrate, that a quantity

of acid enters into the compofition ’ of ink, I

imagined the alkali decompounded the copperas

too.fuddenly, and difengaged the iron fafler, than

the aftringent matter could unite with it.

< But, mod probably, the alkali neutralized too

great a portion of the acid..

All thefe writings having been now expofed fix

months to the air, in. N°. 5 and 6 the blacknefs is
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quite deftroyed, N°. 4 is fomething faded, N\ 1,

2, 3, remain nearly as they were, N°. 2 and 3 being

ftill fuperior to the ftandard.

I am,

\ \ .
;

;

•.

Your moft obliged.

Redivales, May i&,

1775 *

humble fervant^

JAMES GLEGGc

V. OU
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. V. Obfervations on the State of Population

in Manchefter, and other adjacent Places

.

By Dr. Percival. Communicated by the

Rev. Dr . Price.

che'ster, for I am uncertain whether salford
was included [rz], appears to have been 8000.

By a furvey, made in 1757, of Manchefter and

'Salford, the number of inhabitants was found to

he 19839. And from 1754 to 176: inclu five, the

number of deaths amounted to 5769. The an-

nual deaths therefore, at the period of the fur-

vey, muft have been 721, exclufive of diflenters.

It is probable, as will appear afterwards, that thele

would have increafed the number to 771. At
this time therefore, 1 in 25 .7, of the inhabitants

aof Manchefter, died every year.

[<?] Manchefter and Salford, though diftinguifhed by different

•names, like London, Weftminfter, and the Borough of South-

wark, may be confidered as one and the fame town, being

divided only by a fmaW river, over which two bridges are

«re<fted.

ROM an account taken in 1 7 1 7,

the number of inhabitants in man-

A new
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A new furvey of Manchefter has been executed

this fummer, 1773 , with great care and accuracy,

of which the following is a particular account*

Manchefter.

3402 Houfes

Salford.

866

53 l 7
- Families - 1099-

10548 - Males 2248
ri 933 - Females - 2 5 r 7
7724 - Married - 1 775
43 2 - Widowers - 89
1064 - Widows - 149 ’

7782 - Under 1

5

- 1 793

3 2S 2 - Above 50 - 640

342 - Male Lodgers - 18

15° - Female Do. r 3
44 - Empty Houfes - 26

From hence it appears, that the number of te-

nanted houfes, in Manchefter and Salford, amounts
to 4268; the families to 64r6; and the inha-

bitants to 27,-246. The proportion of perfons to

a houfe, therefore, is verynearly 6 *; and, of indi-

viduals to a family, about 4^. The females ex-

ceed {he males, by 1654; the widows are more
than double the number of widowers; and about,

a feventh part of the inhabitants have attained the

age of fifty.

Tlte.
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The following table is formed from the regifter

of burials and baptifms at the collegiate or panfh
church in Manchefter, and gives the annual
number of each, on an average.

Burials. Baptifms.

From 1580 to 1587 inclufive, I 84
1680 1687 286 5 '

1 720 J 7 2 7 359
*754 1760 73 6 7 6 9
1761 7 65 73 1 843
1766 1770 870 970

But it fhould be remarked, that this account

does not include the deaths, or births, amongft the

Diffenters. Thefe, by a late improvement in our

bills of mortality, are now admitted into the parifh

regifter, and laffc year, 1772, •’he former amounted
to 50, the latter to 181. Admitting thefe to be

the average of unregiftered baptifms and burials

in Manchester, the annual medium of deaths, from

1768 to 1772 inclufive, will be 958. And the

.annual births, during the fame period, with the

like allowance, will be 1098. Hence the prefent

proportion, of annual deaths ro the inhabitants, is

nearly as 1 to 28 .4 ; and, of births to the inha-

bitants, almofl as 1 to 25. The births alfo, it ap-

pears, exceed the burials 140 every year, at a

medium.
The rapid growth of Matichefter is fufficiently

evident from the preceding facts. Yet lever-
pool, during the famelpaceof time, has increafed

3 m
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in a much greater proportion. This appears from
the following Table, which I have extracted from
a very curious and entertaining wdrk, lately pub-
lilhed by my ingenious friend Mr. enfield.
LeCturer on
Warrington,

the Belles Lettres in the Academy at

[£] Year, Number of Inhabitants. Annual Addition*

1700 - 57 r 4
1710 m 8168 - 245
1720 m 10446 - 22/
1730 - 12074 - 162
1740 m 18086 - 6or
* 75 <> tar 22099 - 401
1760 - 25787 - 368
M ^4 O - 34004 - 822

According to this Table, Liverpool has, at pre*

fent, upwards of lix times the number of inhabi*

tants, which it contained, at the beginning of this

century.

But the progrefs of trade and opulence, in Man -

chefter, has been more than adequate to its ad-

vancement in population. For a conliderable part,

of the manufactory of this flourifhing town, is

carried on in the adjacent country, which is thereby

crouded with houfes and inhabitants. So populous
are the environs of Manchefter, that every houfh

in the towmhip has been found, by a late furvey,

to contain, at an average, fix perfons. The town-
ihip is indeed but of fmall extent ; and the greatefl

[ 3] Hiftory of Leverpool, p. 28, fecond edition, corre&ed.

Vql. LXIV. I part
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part of it will probably, in a fhort time, be in-

cluded in Manchester. It contains 311 houfes ;

361 families; 947 males; 958 females; 656 mar-
ried perfons ; 21 widowers

; 42 widows
; 763 under

15 years of age ;
and 222 above 50.

it is pleafing to obferve, that, notwithftanding

the enlargement of Manchefter, there has been a

fenfible improvement, in the healthinefs and lon-

gevity of its inhabitants
; for the proportion of

deaths is now confiderably lefs, than in 1757. But

this is chiefly to be afcribed, as Dr. ph ice hasjuftly

obferved [c], to the large acceflion of new fettlers

from the country. For as thefe ufually come in

the prime of life, they muft raife the proportion

of inhabitants to the deaths, and alio of births

and weddings to the burials, higher than they

would otherwife be. However, excluflve of this

confideration, there is good reafon to believe, that

Manchefter is more healthy now than formerly.

The new ftreets are wide and fpacious, the poor s

have larger and more commodious dwellings, and
the increafe of trade affords them better cloathing

and diet, than they before enjoyed. I may add

too, that the late improvements in medicine have

been highly favourable to the prefervation of life.

The cool regimen in fevers, and in the fmall pox,

the free admiffion of air, attention to cleanlinefs,

and the general ufe of antifeptic remedies and diet,

have certainly mitigated the violence, and leflened

the mortality of fome of the moll dangerous and

malignant diftempers, to which mankind are inci-

[V] See a mofl: valuable Treatife on Reverlionary Payments,,

g. 188, thir<i edition,

dent.
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dent. The ulcerous fore throat, which prevailed

here in the year 1770, is the only epidemic, which
has appeared in Manchefter, with any fatal degree

of violence, for many years. Miliary fevers,

which were formerly frequent in this town and
neighbourhood, now rarely occur; and, if I may
judge from my own experience, the natural fmall

pox, for inoculation is not much pradrifed here,

carries off a much fmaller proportion, of thofe who
are attacked by it, than is commonly fuppoled.

Puerperal difeafes alfo decreafe every year amongft

us, by the judicious method of treating women in

child- bed; and, as nature is now more -confulted

in the management of infants, it is reafonable to

fuppofe, that this muft be favourable to their

health and prefervation.

But it muft be acknowledged, that large towns
are injurious to population ;

and the advantages I

have enumerated, which, in hamlets or country

villages, would have operated, with full force, to

the benefit of mankind, have only ferved to check
the deftruclive tendency of the accumulation of

inhabitants in Manchefter. In the Pais de Vaud,
a diftridt of the province of Bern in Switzerland,

and in a country parifh in Brandenburgh, 1 in 45
of the inhabitants dies annually; and at Stoke

Damarell in Devonfhire, 1 in 54 \_d
j ; whereas, in

this town, the yearly mortality appears to be 1 in

28; in Leverpool 1 in 27; and in London 1 in

2f. Half the children, who are born in Manches-
ter, die under five years old ; and the proportion,

[<s?] See the Treatife, before referred to, on Reverfionary Pay-
ments, by my learned friend Dr. Price.

I 2 which
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which the births bear to the number of inhabitants

who attain the age of 80, is as 30 to 1. Difeafes

are moil frequent and fatal here, in the months of
January, February, and March: and lead fo, in

July, Auguft, and September. The mortality, of
thefe two feafons, is as 1 1 to 8 ; and, of the firft

fix months of the year compared with the lail fix

months, as 7 to 6.

In April, 1773, feveral Gentlemen, from mo-
tives of curiofity, undertook an enumeration of the

people of bolton y a manufacturing town about

twelve miles diilant from Manchefter. The houfes

were found to be 946; the males 2159 ; the fe-

males 2392 ; and perfons aged feventy years

and upwards 74. To thefe numbers 17- muft be

added,, which, by a miftake, were notclalfed under
either denomination. The inhabitants of Bolton
therefore amount to 4568 ; the number of indi-

viduals to a houfe is 4 .8 ; and about a fixtieth

part of the people have attained the age of feventy.

little bolton, a fuburb of Bolton, including

the manor, and extending into the country as far

as the inhabitants are fubjeCl to fuit and fervice,

contains 232 houfes; 771 individuals; 361 males;:

410 females ; and 15 perfons aged feventy years-

and upwards. From this account it appears that

the inhabitants are 3 .3 to a houfe ; and that 1 in

51 has reached the age of feventy. The difference,

in thefe proportions, between a fmall town, and a

country manor contiguous to it, is worthy of ob-

fervation.

M\ fletcher has favoured me with an enume-
ration of the people of bury, which he has juft

executed
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executed with great care. The town contains' 465:
houfes ; 464 families ; and 2090 inhabitants. Each
houfe and family therefore confifts of 44. indi-

viduals. Bury is fituated nine miles from Man-
chefter, and is enriched by a branch of the woollen;

manufadury.
At altrIngham, a market town in Chelhire,,

which has no manufa&ury, the number of houfes,

according to an exad furvey,'. made in July 1772,..

was 248

;

of inhabitants 1029 ; or 4i. to a houfe..

An enumeration, of the people of this town, was
made about twenty years ago, at which time they

amounted very nearly to 1000.

The following is a comparative view of the ftate

of population, the duration of life,.and the morta-
lity of the feveral feafons of the year, &c.. in east-
ham and royton, two country places widely

different from each other, in climate, fttuation, an'dt

in the occupation of their inhabitants.

The parilh of eastham lies in Wirral, one of
the hundreds into which Chefhire is divided, and
is extended along the banks of the river Merfey, a<

few miles diftant from the I rifh fea. The people

are mofl of them farmers ; though fome are fifher-

men, and others are employed in the ferry to.>

Leverpool.

royton is a chapelry,. fituated ten miles eaft-

ward of Manchester, under the great chain of moun-
tains, which divides Lancalhire and Yorkfhire..

The inhabitants are employed chiefly in the cotton,

and linen manufadury; a few. of them are farmers

;

and fome, I believe, work in the coal pits,, with
which this country abounds..

I anu
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Of all the months in the year, fingly taken,

Oftober is the moft, and April the leaft fatal to

the inhabitants of Eaftham. Whereas the three

laft months of the year appear to be the moft
;healthful at Royton ; although a very large quan-
tity of rain ufually falls there, during this feafon.

For the wind, at this time, being generally wefterly,

the clouds are intercepted by the high mountains,

and difcharge themfelves in frequent and heavy
fhowers. At townley, which is fituated under
the fame chain of hills, and is not very far diftant

from Royton, 42 inches of rain fall, at a medium,
every year. The quantity of rain, at Manchefter,

which is farther removed from the mountains, is

about 33 inches communibus anriis. It has been

oblerved, by a very ufeful writer, that the moift

feafon s, in Great Britain, and Ireland are more re-

markably free, from epidemic difeafes, than the

dry ones ; and that ftorms, the ufual concomitants

of rain, are attended with more health and lefs

iicknefs, than calm weather
;
probably becaufe they

diffipate the vapours, which, by ftagnation, might
prove an occafion of various diftempers I

foall not prefume to determine, that thefe obfer-

vations account for the fuperior healthinefs of the

laft months of the year at Royton ; but they

certainly fhould remove the prejudice, which is

too generally entertained, againft the wetnefs of
the climate in Eancalhire, and other weftern

counties of England. For the bounties of Provi-

dence are difpenfed, with an equal as well as with

[jf] Rutty’s Chronological Hiftory of Weather.

2 a liberal



a liberal hand. And if we, in this part of the

ifland, enjoy lefs funfhine, than our neighbours,

we have milder winters, and hummers tempered

with more refrefhing Ihowers, to balance the in-

convenience.

The Rev. Mr. bolton, a very worthy diftent-

ing clergyman at Monton, a few miles from Man-
chefter, has, at my requeft, made an enumeration

of his people, with a retrofpedtive view of the

births and deaths among!! them during the laft

ten years. By this furvey, his congregation, in-

cluding fervants, confifts of 196 males; 190 fe-

males; 97 families; 60 married perfons ; 14
widowers; 13 widows; 142 under 15 years of

age ; and 64 above 50. The deaths, during ten

years, have been 57, and the births 138. Hence
it appears, that, of this fociety, 1 in 6 has attained

the age of 50; that the births are more than

double the burials; and that only 1 in 68, at a

medium, dies, every year. The laft circumftancc

is fomewhat extraordinary; but to remove all

doubts, concerning the accuracy of his enumera-
tion, Mr. bolton, with the moft obliging affi-

duity, has repeated it twice. And he has derived

his information, not only from the regifter of his

chapel, but alio from the private records, or de-

liberate recolledlion, of every family in his con-

gregation. The fttuation of Monton appears to

rather unfavourable to health, from the vicinity

of a large mofs ; but the people are moft of them
farmers, and are remarkable for their diligence

and fobriety. The long life, which they enjoy,

affords a ftriking and pleafing proof of the great

Vol. LX1V. K advan-
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advantages of temperance ; and confirms a cu-

rious obfervation of m. muret, who examined 1

the regifter of mortality in one town, to mark
thofe, whofe deaths might be imputed to excefs.

The number of thefe he found fo great, as led him
to believe, that drunkennefs is more deftru&ive to

mankind, than pleurifies, fevers, or the. moll ma~-

lignant diftempers..

King’s Street,

A«g. (£sh, 1773,.

VI. Oi~
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VI. Obfervaiions on the Bill of Mortality
,
in

Chefter, for the Tear 1772. By DoBor
Haygarth.

rious difeafes molt fatal to mankind, at different

ages, mufl evidently be of the mod important

confequence, to the politician, the philofopher, and

the phyfician, in their feveral endeavours to re-

lieve the miferies, and promote the happinefs of

human nature.

A writer, of diftinguifhed abilities in political

arithmetic, has offered many arguments, which
give too much caufe to apprehend, that England,

in about 70 years, has loft near a quarter of her

people. Accurate regifters of mortality, with other

collateral inquiries, can, with moft certainty, con-

firm or confute- this opinion, and determine a ques-

tion, of the moft ftriking importance to our very

exiftence as a nation.

The dodtrine of annuities for widows, and other

perfons in old age, the value of reverfionary pay-

ments, and of aflurances on lives, and other im-
portant queftions in civil fociety, can only be de-

termined by faithful regifters, (hewing the dura-

Redde, Nov. 18,

1772.

-Faithful and minute regiftef

of mortality, and of the va-

K 2 tion
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tion of human life, in various fituations of town
and country. The flighted: furvey, of the follow-

ing Tables, will manifefty fhew, how erroneous

and unjuft every calculation, relating to this fub-

je£t, muft be, drawn from the London bills, or

perhaps thofe of moft other coniiderable towns,

and applied to the inhabitants of this city.

Chefter is healthy to an uncommon degree,

,

when compared with towns of the fame ftze..

Various circumftances, which contribute to ren-

der this place fo remarkably falubrious, might,

be pointed qut but. it can here be only ob->

ferved,. in general, that this falutary effedt may,
with great probability, be chiefly attributed

to the dry fltuation, clear air, pure water, and

general temperance of the people..

In Auguft 1772, the inhabitants of St. Mi-
chael's, one of the nine parifhes into which Chef-

ter is divided, and fttuated in the very center of

the city, were numbered with great accuracy:

in this parifh were 151 families, 127 houfes, 618.

inhabitants, 246 males, 372 females, 166 mar-

ried, 41 widows, 21 widowers,, and 137 children

under 15 years old. Hence the number of perfons,.

never married above. 15, is 253.. From this

account alfo it appears, that near 4! per-,

fons dwell in each houfe ; that the proportion, off

females to males, is as 62 to 41, or nearly as a
)s

to 2 ; that the widows are to the widowers nearly'

as 2 to 1 ; that the number married is little more,

than one quarter of the inhabitants : the common
proportion of married people is about one third of
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the whole. The number of cbriftenings, at' St..

Michael’s-, for the laft: ten years, are 147, or 14,7
yearly $ the burials,, during the fame period, are

127, or 1 2,7; yearly. Hence the proportion of

annual births to inhabitants is nearly as 1 to 42;
and burials nearly, as 1 to 48*. During 1772,
only nine perfons- died in this parifli ; hence the

proportion of deaths- to the living, this year,,

is lefs than 1 in 68., Thefe fads muft appear

mo ft aftonifhing to any one, who refleds, that

in the largeft towns, fuch as London, 1 in 204
dies annually; and,, that in towns of a mode-
rate fize,. as Leeds, 1 in 214; that in Nor-
thampton and Shrewlbury, either of them lefs

than Chefter, 1 in 264 dies yearly.. Thefe
fads,, relating to this pariih, are true, beyond
a pofftbility of doubt ;

and yet they, are fo very

extraordinary, that one cannot, without farther

enquiries, apply to the whole town, by ana-

logy*- the- obfervations which were made upon
only a fmall proportion of the inhabitants. How-
ever no peculiarity of air, water, or any other ob-
vious circumftance, can be fuppofed, to render this

parifh more healthy than- the reft of the town.

How far thefe fads have been accidental, the fol-

lowing} and other collateral, enquiries, will dis-

cover.

For the laft eight years, preceding 1772, there

have been 385 births, and 375 deaths annually in

Chefter. The number of deaths this year, ex-

cluding thofe who were, killed by the dreadful

explofton of gunpowder, is 379; fo that, pro-

bably,, the oonclufions drawn from the following

Tables*,
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Tables, which were executed with great care and
fidelity, will not be liable to any corfiderable

errors ; and fuch errors, by continuing this ac-

count for a period of years, will rnoft effectually

be corrected.

The following obfervations are offered as a fmall

fpecimen of the conclulions, that may then, with
more certainty, be deduced from fuch a regifter

of mortality.

From the following bills, which diftinguifh the

ages at which the inhabitants die, it appears, as

far as one year’s obfervation may be trufted,

that, taking the whole town, i in 31,1 dies an-

nually. This proportion, of deaths to the living,

is probably too high, becaufe the births, upon an

average, exceed the burials; a faff, which affords

another proof, that the place is uncommonly
healthy. Other faffs amply confirm this obferva-

tion.

Half the inhabitants, born in London, die un-

der 2 years and three-quarters old ; in Vienna,

under 2; in Mancnefter, under 5; in Norwich,
under in Northampton, under 10 ; in Cbefter,

this year, above half who died were 20 years

old.

Of all the children born in this city, 1 in 54.

lives to above 70, and 1 in 15! attains 80 years

of age; whereas in Northampton, only 1 in 2i±;

in Norwich, 1 in 27; and in London, 1 in 40
lives till 80.

In the Hotel-Dieu, a large hofpital in Paris,

above 1 in 5 dies, of all that are admitted; in St.

Thomas’s and St. Bartholomew’s, in London, 1 in
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tj! in the Chefter infirmary, fince its firft in-

ftitution in 1755, ’till 1772 inclufive, only 1 in

But Table IV, will, at one view, fhew, in the

mod fatisfadtory manner, the comparative ftate of

health* between this and fome other towns of dif-

ferent magnitudes* It is curious to compare, by

this table, in the early part of life, the probabi-

lity that the inhabitants in Chefter have, to live

longer than in Northampton, Norwich, and efpe-

cially much longer than in London. But when
they have arrived to 70 years old, the chance of

living* at all the places, is nearly equal.

It is a matter of curiofity, to obferve how much
longer women live than men. This fadt is well

eftabliffied, by former obfervations on this fubjedf,

and is confirmed by the following regifler (Table!.).

During the laft year 1 2 widowers have died, and

53 widows that is above four times the number.
Between 80 and 90 years old, 2 men and 18-

women have died; that is nine times as many*,

Above 90 years old, 4 have died, and all women,.
To know at what period of life each difeale

is moft fatal to mankind, is manifeftly a fort of

intelligence the moft important, both to the patient

and the phyfician; and though an enquiry, of this

nature, may be attended with confiderable difficul-

ties,, yet the advantage of fuch information is fo

obvious to all, it feems wonderful, that no attempt

has been made, to execute a plan lb generally be-
neficial to mankind.
The Table of difeafes (N°. II.) has been com-

piled with all poffible accuracy. At the beginning 1

of
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of the year was printed a catalogue, with a clear

and concife defcription of the difeafes moft fatal

in this place. The faculty, in general, have fent

written certificates, or given verbal information,

to the clerks of each parilh, of what difeafes the

patients died. The moft confiderable errors, in

this table, will be among the dileafes of children,

who are not able to deferibe their complaints;

and concerning whole diforders medical advice is

more rarely defired. The article of Convuljions

is particularly to be fufpefted ; for when an infant

is feized with a fever, or almoft any other difor-

der, if there be any diftortion of features, expref-

fing pain, or any irregular motion of the eyes,

fiurfes always denominate the difeafe, inward

convulsions.

Confumption is another term, which the Englifh

are inclined to apply to many diforders, befides the

difeafe of the lungs, to which medical people give

that peculiar name. In this Table, particular care

has been taken, to diftinguilh the weaknefs of In-

fancy, and decay of old age, which are generally

•confounded with pulmonary confumptions. And
to prevent every error of this kind, with all pof-

ftble accuracy, ftridl injunctions were given, that

no diforder, unlefs attended with a cough , fhould

be called confumption.

Notwithftanding this care to feparate, as far as

prejudice would allow, every other difeafe from
confumptions, it is matter of aftonifhment to ob-

ferve, that, between the ages of io and 50, more
people die of confumptions, than of all other dif-

eafes : this is the period of life, when every faculty,
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and every enjoyment, both of body and mind, are

in their moft vigorous perfection. It becomes

therefore an enquiry, of the moft ftriking confe-

quence to fociety, to difcover the caufe, in order

to prevent the fatality, of a difeafe, which makes
fuch dreadful havock among mankind. The
Scrophula has been fufpeCted as the moft general

caufe of confumptions j but this difeafe is lefs

common in Chefter than in moft other places.

Would the limits of this paper admit of fuch a

difcuilion, very flrong evidence could be produced,

that the moft frequent and moft fatal caule of

confumptions, in this town and neighbourhood, is

catching cold, which occalions a cough, that is

entirely negleCted for many weeks or months, and

is never fuppofed to be dangerous, ’till it becomes
defperate.

There are no marfhes fo near this city, as to infedt

the air : hence we have no dyfenteries, and very

few intermitting or remitting fevers, unlefs a few
faint irregular paroxyfms may be fuppofed to re-

quire that denomination. This fact may be brought'

in evidence, tofupportthe obfervation, that marfhy
effluvia are the caufe of thofe difeafes ; an opinion

lately controverted by a very ingenious writer.

For more than 30 years pad, the miliary fever

has been fuppofed endemic in this city and neigh-

bourhood ; but very probable evidence has been

produced, by the moft judicious phyficians, that

this eruption is very rarely, or never, critical and

falutary, but that it is generally, or always, fabri-

cated by clofe warm rooms, too many bed-cloaths,.

hot medicines and diet. If this be univerfally.

Vol. LXIV. L true.
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true, it is much to be wilhed, that the miliary

fever may be entirely banifhed from the cata-

logue of difeafes. It mud give fingular pleafure,

to every benevolent heart, and well-wifher to this

place, to find only one fatal miliary fever in the

regider of this year. May not this circumdance,

with great probability, be attributed to the method,
lately adopted, of treating fevers, by admitting frefh

air into fick chambers, and adminidering fuch re-

gimen and remedies, as are cooling, and check

putrefaction?

It is obfervable, (Table III.) that the healthieft

months of this year, were July and Augud; and

that the mod fickly was November ; and that

Autumn and Winter, compared writh the Spring

and Summer quarters, were more fatal, nearly in

the proportion of three to two. That Summer
is lefs fatal than Winter, is a fad, confirmed by
various obfervations, made in diderent places both

of town and country. A mod ingenious philo-

fopher, by a train of experiments, planned with

amazing fagacity, among a great variety of curi-

ous and uleful difcoveries, has proved, in a very

fatisfaClory manner, that air, rendered noxious by

the breath of animals, or by putrefaClion, is re-

dored, by vegetables growing in it, to a date fit

Tor refpiration, and the fupport of animal life.

Hence is it not probable, that vegetation, among
other caufes, contributes to render Spring and
Summer fo remarkably more healthy, than the

red of the year.

The only difeafe, that was generally epidemic

3his year, was the chincough, which began about

4 Augud,
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Auguft, and, during the remainder of 1772, in—
fedted a very large proportion of the children of

the whole town j about the end of the year, the

diforder almoft entirely ceafed. In Liverpool,

the chincough became epidemic in May, and de-

clined in November., From the Table of difeafes it

appears, that mod: of the children, who died of
this diforder^ were under two years of age. Vomits
of emetic tartar were of fignal fervice, during this

epidemic, in mitigating both the cough and fever.

When we refledt, that the weakeft infants puke
up their food without much difficulty or fatigue,

that nature takes this method fo frequently of re-

lieving them, and that emetic tartar, when dif-

folved in water, imparts to it no fenfible tafte, fo

that there could be no difficulty in giving it,

there is a high degree of probability, that this re-

medy might have faved many more lives, if it

had been more generally adminiftered to children,

in early infancy.

In the Table of difeafes (No. II.) the technical

are added to the vulgar names, and the arrange-

• ment of a juftly celebrated profeffor is adopted,

in order to convey more diftindt ideas to the fa-

culty, and to place diforders of a fimilar nature

•neareft each other, for their mutual illufiration.
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TABLE III.

Deaths in Males. Females.

January, — ‘— 22 19
February, *5 21
March, — — n
April, — ~ *3 12

May, — — 11 W
June, — -— 10

July, - — 6 18
Auguft, — ~ 13 10
September, ——

- . 7.
18

October, — — 12 26
November, —— 20 26
December, — — *3 23

p ^53 226

Total.
Total of~Deattisi«

each Seafon.

36 krc>5 Winter.

28J
25'

30 S3 Spring.

28

24
23
25

38
46

35

1}

}

1
1 19

72 Summer.

Autumn,

379

'

C M. F. Tot.

Explofion by Gunpowder, on the 5th of Nov. n iz 23
Locked-Jaw, inConfequenceoftheExplofion, 033

26

Marriages, 154.

Chriftenings, Males, 192, Fern. 229. Total, 421.

TABLE
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TABLE IV.

The Year to which the feveral Ages below
have an equal Chance to live.

Ages. Chefter.
|

Mortham. jNorwich. London.

o 2l| 95 5 2|

3 55t 432 43? 34i

5 581 46£ 47 40

lO 6o 50 52i 44

20 63 53* 55? 47i

40 69 6a§ 63j 58

5° 7 1 ! 67! 67 65

6o 73f 72I 7 r f 7o|

7° 77 78 77 77

VII. Elec-
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VII. EleSirtcal Experiments by Mr. Edward
Nairne, of London, Mathematical In

-

firument-maker, made with a Machine of

his own TVorhnanfhip, a Defcription of

which is prefixed.

Redde, Dec. 9>TT' I G. Ift. [Tab V. and VI.] is are-
1 773

* prefentation of the machine, with

its apparatus, as was ufed when electrical fparks

were drawn from the conductor, in a pofitive ftate.

The glafs cylinder, of this machine, is 12 inches

diameter, and the cylindrical part 19 inches long,

exclufive of the necks j the cufhion or rubber is

14 inches long, and 5 inches broad, fupported by

two wooden fprings ; which lprings are fixed oft

two glafs rods, which lie horizontal under the cy-

linder, and ferve to infulate the cufhion. The
conductor to this machine is 5 feet long, and 12

inches diameter ; at the end of it is a fiiort brafs

rod, with a ball j it is fupported on two ftands, with

folid glafs rods or pillars. The ball, which is re-

prefented as receiving the eleCtrical fpark from

the conductor, is of brafs, and fixed to the end of

a brafs tube, which tube is moveable, in a hole in

the top of the receiving ftand
; from the bottom

of this ftand a chain paffes along the floor, till it is

in



in contadl with the chain hanging from the back
of the cufhion, as is reprefented in the figure.

With this machine I have frequently drawn elec-

trical fparks, at the diftance of 12, 13, or 134.

inches from the prime conductor. Thefe were
indeed the diftances, to which the electrical fire

would commonly ftrike. It would fometimes reach

the diftance of 14 inches; but this was but fel-

dom.
Fig. II. reprefents the fame machine, with a

fmall brafs conductor, inftead of the large one, for

charging the batteries, which batteries are com-
pofed of four boxes, each containing 16 jars of 12
inches high and 4 inches diameter, coated 8 inches

high ; fo that, in the 64 jars, there are very nearly

50 fquare feet of coated lurface. The electrome-

ter * is raifed, fo as to be 4 feet from the bottom,

which refts on the jars, to the ball at top. I at

firft fet it on the battery, fo that the ball, at the

end of the Index, was about one inch higher than

the balls or wires of the battery, which is the ge-

neral method of ufing it; but I found, on placing

it fo low on thefe batteries, that the index would
move but a very little way, hardly to 15

0

, when the

battery was full charged; at laft, after trying a

great variety of experiments, I found, that, placing

it at the height of 4 feet, the index would rife tc#

60, with the fame quantity of charge as, in the

other cafe, raifed it only to 15 : difcharging this

battery, through a piece of iron wire (not fteel) of

T|_ of an inch diameter, and three feet nine inches

long, it flew about the room in innumerable red

hot balls; on examining thefe balls, they were in

* Vide Phi 1

. Tranf. Vol. LXLI. p. 359.

2 general
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general hollow, and feemed to be nothing but

fcoria. The drawing is a reprefentation of dis-

charging the battery through the wire. I have made
a piece of the fame wire, of 3 feet 1 1 inches long,

red hot, from end to end, fo that it feparated into

feveral pieces. After this, I took a piece of the fine

iron wire beforementioned, of fix inches in length,

and, to the end of it, connected a piece of iron

wire _L-th of an inch in diameter, and 48 feet long.

Then, on difeharging the battery, the eleCtrical fire

from the infide palled immediately along the dif-

eharging rod to the fine wire, and afterwards had

48 feet to pafs, to get to the outfide coating of the

’battery : I then laid another piece, fo that the elec-

rical fire palled 48 feet, from the infide of the bat-

tery, before it came to the fmall wire; and again ano-

other, fo that the electrical fire palled from the in-

fide of the battery 24 feet, before it came to the fine

wire, and had 24 feet afterwards to pafs, before

it could get to the outfide coating of the battery

;

in each cafe, the 6 inches of the fmall wire was
melted into red hot balls ; and I could not perceive,

that there was the leaft difference, in the melting

of the wire, on its being placed in different parts

of the circuit. Next, I connected to a piece of

the fame fine iron wire, of 6 inches in length, a

piece of the iron wire ^L-th of an inch in diame-
ter, and in one continued piece of 274 feet in

length. In this arrangement, when the battery

was difeharged, the electrical fire paffed imme-
diately from the difeharging rod to the fine wire,

and had 274 feet to pafs afterwards, to get to the

outfide coating; then the fine wire was laid next

the outfide coating of the battery, fo that the

Vol.LXIV. M electrical
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cleCtrical fire palled 274 feet, before it reached it.

This experiment was repeated feveral times, with
this difference, that before every difcharge of the

battery I Shortened the fine wire, till, at lafi, there

was but half an inch of it connected with the

274 feet of wire; but even that fhort piece was
not made red hot by the difcharge of the 64
jars. The electrical fire, in paffing that 274 feet

of wire, though it was one entire piece without

any joinings, feemed to meet with great refif-

tance, for the explofion from the battery was not

fo loud, as when a very fmall eleCtrical bottle is

difcharged. Next, I took fome filver thread, and
made a circuit, of 40 feet, from the infide of the

battery to the outfide ; and, at the difiance of

about 12 feet from the battery, I held the filver

thread between my finger and thumb, fo that the

eleCtrical fire, paffing along the thread, pafied

between them ; on difcharging the battery, I re-

ceived a fmart fhock,. particularly in both my
ancles, though the thread was held three feet and

a half from the dry floor, on which I flood : by

the electrometer, the battery did not appear to

be half difcharged. Then I made a circuit, of

40 feet, with iron wire _?Tth of an inch in dia-

meter, 2nd this was held in the fame manner as

the filver thread j on difcharging the battery

through the iron wire, there was not the leaft

fhock felt, though the whole of the battery was

difcharged, the iron wire of that length concluded

it fo perfectly.

Then I tried the effeCt of the battery on fome

platina^ which came from DoCtor Lewis, of King-

ston; feveral of the grains, or lamirue, were laid

on
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on a piece of white wax, fo as to make a length

of half an inch; this method being recommen-
ded by my ingenious friend Mr. henley, F. R. S.

who had before ufed it with fuccefs. On difcharging

the battery through the platina, I found, that not

only the furface of fome of the lamina, or grains,

had been in fufion, but that part of it was melted

in beautiful white fpherules, vifible to the naked
eye.

Another experiment that I tried, was on a duck;
a chain was fattened to its legs, and, holding it

by the wings, the head was brought up to one of
the rods of the battery, fo that the battery was-

difcbarged through it, from the head to the feet;

the confequence was, the duck was thrown into

violent convullions, and expired in two or three

minutes. Then I took a turkey, and fattened a

wire round its neck, and another on its rump, in

fuch manner, that the neared; dittance between
the wires was along the back bone, thinking the

charge of the batteries might pafs down the fpine,

and that the turkey would be made paralytic;

but, on difcharging the battery, the turkey opened
its bill, and died inftantly. Then I took a cock,

and fattened a wire on his rump, and placed one
of the balls, of the difcharging rod, on the middle
of his back, fo that the charge might not pafs

near his vital parts ; the battery being difcharged,

the body of the cock was violently agitated, for

about half a minute, and the head was turned, fo

that the bill came againft its breaft; the head and
neck however foon recovered, fo that it moved its

neck, to all appearance, as well as it did before it

M 2 was
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was ftruck; but the body was quite motionlefs, for

about twenty minutes; after that it recovered very

faft, and, in about ten minutes more, was able to

ftand, and walk a little. After this, I put a wire
round its neck, in the fame manner as on the

turkey ; the effedt was exactly the fame ; for, on
difcharging the battery through it, it died in-

fiantly. The wire, that conducted the eledtrical

ftroke which killed the turkey and cock, was _l
s
th

of an inch in diameter.

The next experiment I tried was on fome
plants. I dilcharged the battery through a branch
of a balfam, and examined it very attentively im-
mediately after it was ftruck, but could not per-

ceive, that there was the leaft alteration in the

branch, till about ten or fifteen minutes after; and
then the upper part of the branch began to droop

its head, and continued drooping it, till it hung
quite ftrait down, and in two or three days en-

tirely withered, though the other part of the plant

was very vigorous, and did not appear to be in

the lead: affected ; this experiment I repeated, fe-

veral times, on feveral baliams, and always found

the fame appearances. I next tried the effect of

the battery on a privet tree : what led me to try

it, was the appearance, that I had often obferved in

trees, more particularly this fummer, that lome
of their branches were deprived of all their leaves,

while the reft of the tree was in a very flourifh-

ing ftate, and that many trees had loft all their

leaves before the ufual time ; it ftruck me, that

this might poflibly be caufed by lightning ; I

therefore refolved to try, whether I could pro-

% ducc
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duce a fimilar appearance; accordingly Idifcharged

the battery through a branch of the privet tree,

without the lead apparent injury to the branch, at

that time; but after three weeks, or thereabouts,

the leaves of that branch, as far as the electrical fire

had palled, began to wither and drop off, fo that,

about a month after it was ftruck, it had juft

the appearance of the branches of the trees before-

mentioned ;
and the reft of the tree was in a

flourilhing ftate, and did not appear to be the leaft

hurt. The index of the electrometer, in all the

beforementioned experiments, was railed to 6o°.

September 14, 1773, the following experiments

were made, in the prefence of Mr. banks, and fe-

veral other members of the royal society, upon
the undermentioned plants, which Mr. banks
procured to be brought in pots, in a healthy, and
moft of them in a flowering ftate ; thefe were
a female balfam, a marvel of Peru, a cardinal

flower, an African geranium, a laurel, and a myrtle.

Thefe plants were fo difpofed, that a part only,

of each, lay within the eleCtric circuit ; which
part was carefully diftinguifhed, by a piece of
thread tied juft beiow it. The electrometer being

railed to 6o°, the battery was difcharged, and
the effeCt was, that, in proportion as thefe

vegetables were herbaceous and fucculent, the

fooner the parts of them, through which the

fhock palled, were obferved to decay. Thus the

main Item of the balfam, though, before the

ftroke, perfectly ereCt, drooped in a few minutes,

and was quite dead the next morning; notwith-

ftanding that the other Items of the fame plant,

which were not within the circuit, continued in

flower
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flower; and as a proof that the injury was local

and partial, the plant, is yet alive, (November 15.)
The marvel of Peru and Geranium, fuch parts

of them as weie flruck, were dead the next day,

though the other parts ftill continue alive.

The cardinal flower, much lefs fucculent than
any of the former, feemed for fome days to have
fuffered in its flowers only, which withered the

next day after the flroke, though the flowers of
the other ftems, and which were not flruck, went
through their ulual courle : in a few days however
the leaves changed their colour, as well as the ftem,

and died
; after which, the ftem became perfectly

dry j the other ftems did not fuffer in the leaft.

It was a fortnight after the ftroke, before the

branch of the laurel, through which the electri-

city was direded, gave any indication of its being

injured; foon after, however, the leaves changed

their colour, dropped off, and the branch died

;

the reft of this (hrub is in perfeCt health.

For near a month the whole myrtle continued

without any feeming injury, ftnee which time fe-

veral of the fprigs near its top have died ; and

though it was fo long before the injury received

declared itfelf, yet the mifehief to this myrtle

was more extenfive, than it was to any other of

the vegetables expofed to thefe trials.

Dr. watson, who has very long been con-

verfant in eleCtrical enquiries, was prefent at thefe

experiments ; he took the plants abovementioned

under his care, and ufed his beft: endeavours for

their prefervation, in order to obferve, with the

greater exa&nefs, the progrefs of the effeCts of thefe

eleCtrical ftrokes.

From
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From thefe experiments we find, that cledricity,

accumulated to a certain degree, puts an end to

vegetable as well as animal life.

After having recited thefe experiments, I would
beg leave to mention a caution, which may be of
fervice to future eledricians who may ufe large

batteries.

It is, never to difcharge their batteries, if it is,

through a ready condudor, without the charge
paffes at leaft five feet from the infide of the bat-

tery to the outfide; by making ufe of this pre-

caution, which I learnt from experience, I have
difcharged the beforementioned battery near one
hundred times, and have never, fince 1 have ufed

that precaution, broke a finglejar by the eledrical

difcharge, before which I was continually break-

ing them, by difcharging the battery in the

common method. There is another experiment,

which I would wifh to mention, as it probably

may give fome light in refped to balls, or points,

for condudors, for buildings or fhips: the appara-

tus and manner of trying the experiment, is as

follows
;

in fig. 3. A reprefents the end of the

large condudor of the eledrical machine; B a

brafs ball fcrewed into the end of it, of one inch
and nine tenths diameter; C a fmall condudor,
which was 5 feet n inches long, and one inch and
four tenths diameter; it was made of wood, covered

with tin-foil, and was infulated, by being fupported

on a ftand, the part D of which was of folid glafs.

The ball E, at the end of this condudor, was three

inches diameter, and the ball F one inch and nine

tenths diameter; under this ball, F, was a Hand, G,
made of wood covered with tin-foil, which had a

moveable
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moveable part, H, wliich might be raifed higher

or lower. On the top of this moveable part was
ferewed either a pointed wire, or a wire with a

ball JJ.th of an inch diameter, and from the bottom
of this ftand a chain paffed along the floor, till it

was connected with the chain, which hung from
the cufhion ; then I placed the conductor C, fo

that the ball E was four inches diftance from the

ball B, and having ferewed into the top of the

moveable part, H, of theftand, G, a pointed wire,

I moved it till the point was directly under the

ball F, at the diflance of
3 or 4 inches ; and, on

exciting the electrical machine, the fire paffed from
the ball B, to the ball E, and, almoft at the fame

inflant, ftruck on the point from the ball F. I

increafed the diflance flowly between the point

and the ball, F, till I found the utmofl diftance, to

which it would ftrike to the point, which was fix

inches; I continued to move the point to nine

inches diftance or more; it then was luminous,

and the fire continued to ftrike, from the ball B,

to the ball E, which (hewed that the point car-

ried off all the eleCtrical fire from the conductor, *

C, otherwife it would not continue to ftrike from
B to E. Then I removed the point, every thing

elfe remaining as before, and, in its (lead, placed,

a wire with a ball of ith of an inch diameter, at

the top of it, at the diftance of 3 or 4 inches,

directly under the ball F, in the (ame manner as

the point; then, on encreafing this diftance flowly,

the eleCtrical fire was found to ftrike to the ball

at nine inches, which is half as far again as to the

point, and with this remarkable difference, that

the quantity of fire was much greater, and the ex-

plofion



c 89 3

plofion much Wronger and louder, at its linking

the ball, than at its Unking the point.

It may here be obferved, that a point cannot

pofiibly be placed in circumftances more unfa-

vourable, than thefe, to its operation as a point

:

the body of electric fluid falling upon it almoft

inftantaneoufly, with the ftroke from B to E, fo

that it had fcarce any meafurable time, wherein to

aft, as a point, in diminifhing the quantity, before

the whole fell upon it as upon a conductor. In

the ufe of points to receive and conduft lightning,

they generally aft on the eleftrical atmolphere of

a cloud, while the cloud is yet at a diftance, di-

minilhing gradually that atmofphere, before the

cloud approaches near enough to give the ftroke,

and thus diminifhing the ftroke, if not quite

preventing it. If the fmall conduftor, C, is

placed fo as to be in contaft with the large con-

duftor, A, inftead of being four inches diftant, as

before, the eleftrical fire will not ftrike to the

point at any diftance whatever; but the point will
' carry off filently all the eleftrical fire from the

conduftors, as faft as the cylinder fupplies them,
even if the point is placed at the diftance of ten

inches or more.

I am afraid I fhall have tired you with this

minute detail ; but I have been thus particular,

that any Gentlemen may fatisfy themfelves of the

truth of thefe experiments.

To this machine there was another large con-

duftor, 1 2 inches diameter, and five feet long, which
being applied with its points to the back of the

cufhion, the machine was either negative or pofi-

tive, only by hanging a chain on either conduftor.

Vol.LXIV. N VIII. On
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VIII. On the noxious Quality of the Effluvia

ofputrid Marfhes . A Letter from the

Rev. Dr. Prieftley to Sir John Pringle.

To Sir JOHN PRINGLE, Baronet.

DEAR SIR,

conliderably farther, in feveral refpe&s, than I

had done, when I prefented the laft account of

them to the Royal Society ; and being encouraged

by the favourable notice which the Society has

been pleafed to take of them, I (hall continue my
communications on this fubjedt ; but, without

waiting for the refult of a variety of procefles,

which I have now going on, or of other experi-

ments, which I propofe to make ; I (hall, from

time to time, communicate fuch detached articles,

as I (hall have given the moft attention to, and

with refpect to which, I (hall have been the moft

fuccefsful ill my inquiries.

Since the publication of my papers, I have read

two tteatifes, written by Dr. Alexander, of Edin-

burgh, and am exceedingly pleafed with the (pirit

Redde, Dec. j6.

1 773 - H AV I N G purfued my experi-

ments on different kinds of air

of
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of philofophiqal inquiry, which they difcover. 'Jfhey

appear to mg to contain many new, curious, and

valuable obfervations
;
but one of the concjufions,

which he draws from his experiments, I am fat if-

fed, from my own obfervations, is ill founded, and

from the nature of it, muft be dangerous. I mean
his maintaining, that there is nothing to be ap-

prehended from the neighbourhood of putrid

marfh.es

.

I was particularly furprized, to meet with fuch

an opinion as this, in a book infcribed to yourfelf,

who have fo clearly explained the great mifchief

of fuch a htuation, in your excellent treatife on
the difeafes of the army. On this account, 1 have

thought it not improper, to addrefs to you the fol-

lowing obfervations and experiments, which I

think clearly dernonftrate the fallacy of Dr.

Alexander’s reafoning, indifputably eftablifh

your dodtrine, and indeed juftify the apprehenlions

of all mankind in this cale.

I think it probable enough, that putrid matter,

as Dr. Alexander has endeavoured to prove, will

preferve other fubftances from putrefaction ; be-

caufe, being already faturated with the putrid

effluvium, they cannot readily take any more
;
but

Dr. Alexander was not aware, that air thus load-

ed with putrid effluvium is exceedingly noxious

when taken into the lungs. I have lately, however,
had an opportunity of fully afcertaining how very

noxious fuch air is.

Happening to ufe at Caine, a much larger trough

of water, for the purpofe of my experiments, than

I had done at Leeds, and not having freffl water

N 2 fo
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fo near at hand as I had there, I negle&ed to

change it, till it turned black, and became of-

fenfive, but by no means to fuch a degree, as to

deter me from making ufe of it. In this ftate of

the water, I obferved bubbles of air to rife from
it, and efpecially in one place, to which fome
Ihelves, that I had in it, directed them ; and having

let an inverted glafs veflel to catch them, in a few
days I colledted a confiderable quantity of this air,

which iflued l'pontaneoufly from the putrid water;

and, putting nitrous air to it, I found that no
change of colour or diminution enfued, fo that

it mult have been, in the higheft degree, noxious.

I repeated the fame experiment feveral times after-

wards, and always with the fame refult.

After this, I had the curiofity to try how
wholefome air would be affected by agitation in

this water ; when, to my real furprife, I found, that

after one minute only, a candle would not burn

in it ; and, after three or four minutes, it was m
the fame ftate with the air, which had iffued fpon-

taneoufly from the fame water.

I alfo found, that common air, confined in a glafs

veflel, in contact only with this water, and with-

out any agitation, would not admit a candle to

burn in it after two days.

Thefe fads certainly demonftrate, that air which
either arifes from ftagnant and putrid water, or

which has been for fome time in conta£t with it,,

muft be very unfit for refpiration
;
and yet Dr.

Alexander’s opinion is rendered fo plaufible by

his experiments, that it is very poflible that many
perfons may be rendered fecure, and thoughtlefs
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of danger, in a fituation in which they tnuft ne-

ceflarily breathe it. On this account, I hav*
thought it right to make this communication as

early as I conveniently could ; and as Dr. Alex-
ander appears to be an ingenuous and benevolent

man, I doubt not but he will thank me for it.

That air iffuing from water, or rather from the

foft earth, or mud, at the bottom of pits con-

taining water, is not always unwholefome, I have

alfo had an opportunity of afcertainitig. Taking
a walk, about two years ago, in the neighbour-

hood of Wakefield, in Yorkshire, I obferved

bubbles of air to arife, in remarkably great plenty,

from a fmall pool of water, which, upon in-

quiry, I was informed had been the place, where
fome perfons had been boring the ground, in order

to find coal. Thefe bubbles of air having ex-

cited my curiofity, I prefently returned, with a

bafon, and other veflels proper for my purpofe,

and having ftirred the mud with a long flick, I

foon got about a pint of this air
;
and, examining it,

found it to be good common air; at leaf! a candle

burned in it very well. I had not then difcovered

the method of afcertaining the goodnefs of com-
mon air, by a mixture of nitrous air. Previous to
the trial, I had fufpecfed that this air would have
been found to be inflammable.

I fhall conclude this letter with obferving, that

I have found a remarkable difference in different:

kinds of water, with refpedl to their effect on.

common air agitated in them, and which 1 am
not yet able to account for. If I agitate common
air in the water of a deep well, near my houfe in

Caine,,
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Caine, which is hard, but dear and fweet, a candle

will not burn in it after three minutes. The fame is

the cafe with the rain water, which I get from
the roof of my houfe. But in diddled water, or

the water of a fpring-well near the houfe, I muft
agitate the air about 20 minutes, before it will be

fo much injured. It may be worth while, to make
farther experiments, with refpect to this property

of water.

In confequence of ufing the rain water, and the

Well water above-mentioned, I was very near con-

cluding, contrary to what 1 have aflerted in my
printed papers, that common air differs a decom-
pofition by great rarefaflion. For when I had
collected a confiderable quantity of air, which had
been rarefied about four hundred times, by an ex-

cellent pump made for me by Mr. smeaton, I al-

ways found, that when I filled my receivers with

the water above-mentioned, though I did it fo

gradually as to occafion as little agitation as pofiible,

a candle would not burn in the air that remained

in them. But when I ufed diddled water, or frefh

ipring water, I uudeceived mylelf.

I think mvfelf honoured by the attention, which,

from the fird, you have given to my experiments,

and am, with the greated refpeft,

Dear Sir,

Your mod obliged

humble Servant,

London, 7 Dec. 1773.

j. PRIESTLEY.
POST-
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POSTSCRIPT.

I cannot help exprefting my furprize, that fo clear

and intelligible an account, of Mr. smeaton’s
air-pump, fhould have been before the public fo

long, as ever ftnce the publication of the forty-

feventh volume of the Philofophical Tranfac-

tions, and yet that none of our philofophical in-

ftrument makers fhould attempt the conftrudtion.

The fuperiority of this pump, to any that are made
upon the common plan, is, indeed, prodigious.

Pew of them will rarefy more than ioo times,

and, in a general way, not more than 60 or 70
times; whereas this inftrument muff be in a poor

Hate indeed, if it do not rarefy 200 or 300 times

;

and when it is in good order, it will go as far as

1000 times, and fometimes even much farther

than that ; befides, this inftrument is worked with

much more eafe, than a common air-pump, and
either exhaufts or condenfes at pleafure. In fhort,

to a perfon engaged in philofophical purfuits, this

inftiument is an invaluable acquifition. I (hall

have occafion to recite fome experiments, which
I could not have made, and which, indeed, I fhould

hardly have dared to attempt, if I had not been

poffeffed of fuch an air-pump as this. It is much
to be wiftied, that l'ome perfon of fpirit in the

trade would attempt the conftrudtion of an in-

ftrument, which would do great credit to himfelf,

as well as be of eminent fervice to philofophy*

IX. Farther



E 96 ]

IX. Farther Proofs of the Infalubrity of
marjhy Situations . In a Letter frotn the

Rev . Dr. Price to the Rev. Dr. Horfley.

DEAR SIR,

read laft Thurfday to the Royal Society, brought
to my remembrance a table, exhibiting the rate

of mortality in a parifh fituated among marfhes,

which I had feen in Mr. muret’s Obfervations,

publifhed in the Memoirs of the Oeconomical So-
ciety at Bern, for 1766. I have fin ce reviewed

this table, and found that it affords a full confir-

mation of Dr. Priestley’s affertions. This parifh

is apart of the diflri£f of Vaud, belonging to the

canton of Bern, in Switzerland
;

and contains

169 families, and 696 inhabitants. Mr. muret’s
table, of the rate of mortality in it, is formed from
a regifter of the ages, at which all died in it for 15
years. With this table he has alfo given tables,

from like regifters, of the rates of mortality in

feven fmall towns ; in 36 country parifhes and
villages ; in 1 6 parifhes fituated in the Alps ; in

12 corn parifhes, and in 18 vintage parifhes.

—

From comparing thefe tables, it appears, that

R. Priestley’s paper, on the

noxious effefts of ftagnant waters.

the
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the probabilities of life are higheft in the mofl
hilly parts of the province, and loweft in the

marfhy parifh juft mentioned. The difference is

indeed remarkable, as will appear from the follow-

ing particulars. One half, of all born in the moun-
tains, live to the age of 47. In the marfhy parifh,

one half live only to the age of 25. In the hills

one in 20, of all that are born, live to 80. In the

marfhy parifh, only one in 52 reaches this age.

In the hills, a perfon aged 40 has a chance, of 80
to 1, for living a year. In the marfhy parifh, his

chance for living a year is not 30 to 1.—In the

hills, perfons aged 20, 30, and 40, have an even
chance for living 41, 33, and 25 years refpec-

tively. In the fenny parifh, perfons, at thefe ages,

have an even chance of living only 30, 23, and

15 years.—In fhort, it appears, that, though the

probabilities of life, in all this country except this

one parifh, are much higher than in London ;

yet here, after 30, they are much lower. Before

the age of 30, they are indeed higher in this

parifh ; the reafon of which muft be, that the

London air and cuftoms are particularly noxious

to children *.

I am fenfible, that obfervations, for only 1 5 years,

in one fmall parifh, do not afford as deciftve and

ample an authority, in the prefent cafe, as there

is reafon to wifh for ; and that, therefore, the per-

fect exaftnefs, of the particulars I have recited,

cannot be depended on.—They are, however, fuf-

* In London, one half of all that are born, die under 3
years of age. But this is not peculiar to London. In Berlin

the fame proportion dies under three ; and at Vienna under two.

Vol. LXIV. O ficiently
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ficiently near the truth to demon ftrate, in general,

the unhealthfulnefs of a marfhy fituation, and as

the regifter from whence they are derived is the

only one, in fuch a fituation, which I have ever

met with, and Dr. Alexander’s experiments may
lead fome to very wrong conclufions on this

fubjedl; I could not help thinking, that there would
be no impropriety, in fending you the account, I

have now given. If you think it of any impor-

tance, I fhall be obliged to you for reading it to

the Royal Society.

I cannot help taking this opportunity to add
my wifhes, that fuch regifters of mortality, as thofe

publifhed by Mr. muret, were eftablifhed in every

part of this kingdom. We might then determine

immediately every fuch queftion, as that which has
occafioned this letter ; and know certainly, what
influence different airs and different fituations have

on the duration of life. Two ingenious phyflcians.

Dr. percival at Manchefter, and Dr. haygarth
at Chefter, have lately, with much zeal, promoted
inftitutions of this kind; and a great deal of ufeful

information may be expe&ed, from the accurate

and comprehenfive regifters of mortality, which,

-

under their direction, have been eftablifhed in thele-

towns. But the inftru&ion arifing from thefe

eftablifhments cannot be complete, tilL they be- -

come univerfah

I am, Sir,

Your moft obedient “

Newington <3 reen,
Dec, 21, 177.3..

and humble Servant,

RICHARD PRICE.
14 X..G/'
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X. Of the Culture and Ufes of the Son or

Sun-plant of Hindoftan, with an Ac-

count of the manner of manufa&uring

the Hindoftan Paper. By Lieutenant Co-

ionel Ironfide, Communicated by Dr*
Heberden *.

Redde, Dec. 23,*
|
'HIS ufeful plant, I believe, is cub-

I 775- tivated all over Hindoftam The
feeds are Town in July, before the rains begin 5

they Ihould be fown near to one another, to make
the Idem rife higher, more eredt, with fewer

branches, and to encreafe the produce. It flowers

in Odtober, and is taken up in December.

The black ladies ufe the feeds, reduced to pow-
der and mixed with oil, for their hair, upon a fup-

pofition, that this composition will make their

hair grow to a great length, which they are very

fond off.

From the bark are made all kinds of rope, pack-

ing cloths, nets, &c. and from thefe, when old,

moft of the paper, in this country, is prepared
; for

* Th is Plant is deferibed by Linnjeus, under the name of
Crotalaria juncea, vid. Spec. Plant. 1004. A figure of it 13 .given,

by Ehret in Trews Plant. Seledt. t. 47. and another in the Hort.

Malab. 9. p. 47. t. .26. Both thefe figures are good.

•O z ithefb
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thefe purpofes, the frelh plant is fteeped four days
in water, afterwards dried, and treated as the can-

nabis for hemp, to which it is fo fimilar when
prepared, that Europeans generally fuppofe it to

he the produce of the fame plant.

As the fubftances, producing cloths, ropes, and
paper, are few in prefent ufe, this plant may per-

haps be cultivated with advantage, in fome of the

Britifh Well India fettlements, and in other coun-
tries deftitute of hemp and flax. It is not im-
probable, that it may be raifed in the warmer
climates of Europe, as it ripens here in winter.

I cannot fay, what foils it may refufe ; where I

have feen it, in the greateft plenty and perfection,

has generally been upon an earth compofed of

clay, calcareous grit, and fand.

There are other vegetable fubftances ufed here

for the purpofe of rope making; one of them is a

fpecies of the hibifcus, a defcription of which I

propofe for the fubjeCt of another paper: I can

fcarce doubt, but that it is only for want of ex-

periments, we have not a greater number of vege-

tables rendered ufeful in this manner. The clafs

Monadelphia
, of linn^us, promifes fair for trials-

of this kind.

The Hindoftan method of manufacturing Paper.

The manufacturer purchafes old ropes, clothsy
and nets, made from the fun plant, and cuts them
into fmall pieces, macerates them in water, for a

few days, generally five, wafhes them in the river

in a bafket, and throws them into a jar. of water

lodged
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lodged In the ground ; the water [is flrongly im-

pregnated with a lixivium of fedgi mutti * fix parts

and quick lime feven parts. After remaining in this

flate eight or ten days, they are again wafhed, and

while wet, broken into fibres, by the ftampiug lever.

Fig. i. [Tab. VII.] and then expofed to the fun,

upon a clean terrafs, built for this purpofe ; after

which, they are again fleeped, in a frefh lixivium,

as before. When they have undergone three opera-

tions of this kind, they are fit for making coarfe

brown paper ; after feven or eight operations,

they are prepared for making paper, of a tolerable

whitenefs.

The rags, thus prepared, are mixed with. water

in the ciflern, Fig. 2. at the edge of which the

operator fits, and removing the flick, he extends

the fcreen, Fig. 3. upon the frame, Fig. 4. with
which he agitates the water in the ciftern, until it

Appears of a milky whitenefs^ by the floating

particles of the rags
; he then dips the frame and

fcreen, in a perpendicular manner, and raifes them
gently, in a horizontal pofition, to the furface of
the water, where he gives the frame a gentle

motion, from fide to fide, or from end to end, to

make the particles of the rags fall in an equal layer

upon the fcreen, and then he lifts them out of the

water, and refts them for the fpace of a minute,

upon the flick 3, in Fig. 3. After repeating the

dip once more in the fame manner, the new fheet

* Sedgi Mutti is an earth, containing a large portion of foffil

alkali. The vurpov of the antients. It is found in great plenty

in. this country, and univerfally ufed in walking,, bleaching,

foap making, and for various other purpofes.

ol
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< of paper is formed; then, taking off the extenfors,

BB, of the fcreen, he rolls inwards, for about an

: inch, the upper part of the fcreen and fheet, by
which means, fo much of the fheet will be fepa-

; rated from the fcreen
;
the fcreen is then inverted,

and the already feparated end of the paper is laid

» upon the mat, in Fig. 5, and the fcreen is gently

< railed from the paper.—In this manner lie forms
f fheet after fheet, until he has made 250, his day’s

talk, laying them all upon the firft fheet, in a re-

gular manner ; then he covers the whole with a

i coarfe cloth of the fun-plant, equal in fize with
the paper; above this he lays a thick plank, fome-

what larger than the paper. This, by its weight,

prefTes out the water from the wet fheets ; to affifl

which, the operator fits upon it for fome time.

Then the heap is fet to one fide until morning,
when the fheets are taken up, one by one, and

-fpread with the brufh, Fig. 6, upon the clean

plaflered walls of the houle ; as they dry, they

readily peel off, and are fpread upon a clean mat1

or cloth, and with a piece of blanket, dipped in

4 thin rice pafle water, rubbed all over, and imme-
% diately hungup, to dry, upon firings run acrofs the

houfe for this purpofe. When fufficiently dried,

they are cut into a quadrangular form, according

to a flandard fheet, which ferves as a guide to the

knife, Fig. 7, From this operation, they are

« carried to another perfon, who rubs every fheet

fmooth with a globular piece of moorflone gra-

-nite, which he holds in both hands. Then he

folds the fheets for fale. The finer paper is polifh-

ed a fecond time, All the cuttings, and damaged
fheets
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fheets, are trampled to pieces in water, afkl reno- ~

vated as above, .

Inftruments ufed in making the paper. Tab. VII,

Fig. ifl. a. A 'flamping lever, ten feet long,
.

and feven inches fquared timber.

bJ Two pieces of wood, fixed in the floor, to j

fupport the axis of the lever.

c. This end of the .lever ispreifed down by the

feet of two men.

;

d. Is a flick, fufpended from th£ roof of the

houfe, to which are. .fattened four ropes which ,

fupport the arms of the workmen. .

e. The head of the hamper four feet long, and i

four inches fquared timber.,, bound and fhod

at the point with iron,,.

ff. A perpendicular fe£tion of a terrafled ciftern,

dug in the ground-floor about 4 or 5 feet

fquare*

gg. A fquare flone, in the bottom of the ciflern,
,

excavated in the middle, to receive the . head
of the hamper, by which- the rags are beat to ,

pieces. A perfomis flationed in the cittern*.,

to fupply the hamper with rags.
.

Fag. 2d.,1. 1. A terrafled, ciflern, dug in the
floor, 4 or 5 feet fquare, having two little

eminences, ,

2.

.
2. at the edge, to fupport the flick

3. occafionajly.

.

4. A jar, lodged in the floor, to hold in readinefs

the ..prepared rags.
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Fig. 3d. Is made in the manner of the Chinefe

bamboo window-fereens. The tranfverfe lines

are fine rufh, or a grals, neatly bound with

horfe hairs, which makes the longitudinal

lines.

A A. Two flicks, to which the fereen is faflen-

ed, and extended by the two flicks,

BB. occafionally.

Fig. 4th. A form of wood, with feven bars, to

fupport the fereen, Fig. 3d. The bars are fo

fixed, as that their acute edges only touch the

fereen, that there may be no obflrudlion to

the paffage of water through the fereen.

Fig. 5th. aa. Is a terrafs, 4 or 5 feet fquare, in-

clined a few inches, that water may readily

run from it.

bb. A mat or board laid upon the terrafs.

e. The new formed fheet of paper laid upon the

mat.

Fig. 6th. A flat hair brufh for fpreading the

wet paper upon the walls of the houfe.

Fig. 7th. The double edged knife with which
the paper is cut into a proper form.

XI. An



Usjsi/ at ntafttKjf

'&d
aju>,r.

f

G

£L a-

/P-Of

/

UJ:

<y

:b

t )f

UJ:

ilG £

.

c_y^<

i J'tiJ

.





£ *°5 3

XI. An Improvement propofed in the crofs

*
Wires of Lelefcopes^ by Dr, Wilfon, of
Glafgow. In a Letter to the AJlrono-

mer Royal.

College, Glafgow, Oft. 25, 17 73 *

S I R,

Redde,Dec. 23,ir Have lately put in practice a method
Xj15 '

A improving the crofs wires, that are

made ufe of in agronomical telefcopes, which has

pleafed me fo much, that Ppropofe, in this letter, to

give you an account of it, knowing that you are

always warmly interefied in the fuccefs of any thing

of this nature.

It has been hitherto a defideratum to draw fil-

ver wire fine enough for aftronomical ufes. I

need not mention the inconveniences, attending

our being limited in this particular, as they will,

of their own accord, occur to you. I therefore

proceed to defcribe the means, 1 have fallen upon,

of obviating the difficulty. This, in practice, is

extremely fimple, and confifts in nothing but in

flattening^ the fined: wires, which are now drawn.

I have made the experiment, upon filver wire,

which is marked 500 to the inch. Having pre-

Vol. LXIV. P pared
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pared a fmall block of fteel, the face of which
was made very flat and fmooth, a number of the

wires were ftretched acrofs it, at confiderable inter-

vals, by having their ends faftened, by pitch, at

each fide of the block. This done, I took another

block of fteel, of the fame fize, the face of which
had been made likewife flat, and the top of it

rounded, the better to determine the ftroke of the

hammer j upon applying this, over the wires lying

upon the firft block, which was firmly fixed in a

vice, and giving a fmart ftroke with a hammer of

about five pound weight, I found all of them flat-

tened in a very even manner.

That I might have no difficulty of fitting

thefe wires, fo flattened, into the telefcope, I pur-

pofely made the face of the fteel blocks a fmall

matter narrower, than the width of the brafs

ring, in our tranfit inftrument, upon which the

crofs wires are fixed. By this means the wires

retained their roundnefs at both ends, and fo were
eafily fixed acrofs the ring, by the fcrew-pins,

when their fine edges regarded the eye. By means
alfo of a fimple contrivance, which will readily

occur in practice, I made the horizontal wire to

go acrofs the others, fo as juft to touch them.

This horizontal wire was a round one, of 500 to

the inch, which I purpofely ufed along with the

others, that I might form fome judgment of the

effects of flattened ones, when viewed along with

it in the field. I accordingly found a very ftriking

diminution of the vifible fubtenfe of thefe wires,

when compared with the round one ; and this fo

confiderable



[ 107 ]

confiderable, as I am perfuaded could not be ob-

tained with round wires, unlefs they could be
drawn to two or three thoufand to -the inch.

From what I perceived, in the experiment of
flattening the wires, I do not fee but that this

diminution, if it were requifite, might be carried

a great deal further..

I am, &c.

ALEXANDER WILSON,

XII, fk
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XII. The Cafe of a Patient voiding Stones

through a ffulous Sore in the Loins

,

without any co?/icomitant Difcharge of

TJrine hy the fame Pajfage : In a Let-

ter to Dr. Maty, from Mr. S. F.

Simmons.

Reddc,Dec. 23,~T Have taken the liberty of addreffing
1774

’ 1 this letter to you, becaufe, from
your fituation as Secretary to the Royal Society,

and the reputation, you have acquired, in the lite-

rary world, l have no doubt of your being very

ready to receive it favourably. If you think it

iufficiently interefting, you will be pleafed to com-
municate it to the Royal Society ; but if you
think, that it has neither enough of novelty, or

utility, to merit a place in their Tranfadtions, I

beg the favour of you, to let it reft with you.

eleanor Pilcher, the fubjedt of it, is about

52 years of age, and lives at Littlebourn in Kent.

About twenty-five years ago fhe firft began to

complain of pain in her back, of a difficulty in

making water, and of other nephritic fymptoms,
which gradually increafed. Soon after this the

began to void gravel with her urine, and to pafs

feveral very fmall ftones ; and thefe fymptoms
continued to return very frequently, and with

much
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much feverity. About ten years after the firft

appearance of thefe complaints, a fwelling came
on in the left lumbar region, which, after having

been very painful, for a confiderable time, fuppu-

rated. This wound, which very foon became fiftu-

lous, has continued open ever fince, and has con-

ftantly afforded an ichorous difcharge. It was not

till December 1772, fifteen years from the appear-

ance of the tumour, that this difcharge began to

abate, and that the wound, from being perfectly

eafy, became painful and inflamed. During all this

time the nephritic fymptoms had continued to

return, without any variation, the urine had con-

ftantly afforded a gravelly fediment, and feveral

fmall ftones had paffed through the meatus url-

narius

;

but thefe concretions were now about to

take a different courfe. The pain in the back,

which had commonly affedted the left fide, be-

came much more intenfe than ufual, but was not

attended by any of the other fymptoms, which had
been the ufual forerunners of a fit of the gravel.

The difcharge, from the wound, was fuddenly di-

minifhed, and the pain and inflammation exceed-

ingly increafed, though the urine continued to

pafs in a healthy quantity, and without difficulty.

Thefe complaints continued, during eight days,

and then a round and fmooth calculus
, weighing

about twelve grains,was extracted, with fome diffi-

culty, from the wound. Since that time no gravel

has been voided with the urine, though no urine

ever paffes through the wound j and fix other

paroxyfms, like that 1 have defcribed, have taken

place, in which the fame fymptoms have occurred,

and
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and which have terminated in a fimilar manner,

fo that feven calculi have palled through the

wound, only two of which have been preferved,

and the lead; of them weighs fix grains. During
the intervals of thefe paroxyfms, the patient enjoys

a ffate of eafe and health
; and the orifice, of the

wound, foon after the exclufion of a calculus , re-

turns to its ufual fize, admitting with difficulty a

common probe. This cafe, of which I have en-

deavoured to give you an accurate hillory, appears

to be a great proof of the powers of nature. The
! right kidney does not feem to be affedted, and as

no urine ever pafTes through the wound, it fhould

: feem, as if the fecretion, by the left kidney, is de-

ffroyed ; for, as no gravel is now voided with the

urine, the left ureter is probably clofed. The cafe

however, though a very interefting one, is not

perfectly lingular, for delechamtius relates, that

he faw a man who palled feveral ftones, through

an abfcel's of the loins, that had become fiftulous.

. And tulpius, in the fourth book of his Obferva-

; ttones Medicce
,
gives the hiftory of a patient, who

after undergoing much pain, from a nephritic com-
plaint which he inherited from his father, at

1 length paffed a ftone, from the kidneys, externally

i through the loins, which occafioned a callous ulcer,

through which pus and urine were perpetually flow-

» ing. Neither time, or any of the remedies employed,

afforded him any relief, but, the paffage through

; the loins doling, and the matter taking a different

eourfvan acute fever was at length brought on, of

' which the patient died. And the late Mr.

(.chesel-'DE'N obferves^ that he had three patients,

from
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from whom he had extra&ed fmall Stones, which
had made their way from the kidnies to the integu-

ments, and there occasioned an impofthumation.

But cafes like thefe, though not perfe&ly new,

feem to deferve to be recorded, as very rare ones,

efpecially when they afford more interesting cir-

cumstances, than feem hitherto to have occurred.

You will do me much honour, by acknowledging

the receipt of this letter. I Shall be very ready, to

give any neceffary information, you may wifh to

receive, on .the fubjedt. And. am very refpe&fully,

Sir,

Your mod obedient humble Servant.,.

Wingham in Kent,

Nov. 7, 1773.
' SAMUEL FOART SIMMONS, ,

XIII. Tbt
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XIII. *The Difparition of Saturn’s Ring,

obferved by Jofeph Varelaz, Lieutenant

of the Royal Navy of the King of

Spain, and Profejfor of Mathematics, in

the Academy of Guard-Marine at Cadiz.

In a Letter to Dr. Morton.

Tranllated from the Spaniih.

Cadiz, October 12, 1773.

S I R,
Redde, Dec. 2 3,*f' X has been my luck to obferve the

1 773 - celebrated phenomenon of the round

phafe of Saturn ,
which was fo much recommended

to Aftronomers, in the Gazette of France of July

23. From the 24th of September to the 4th of

Odtober, I faw, clearly and diftindtly the two anfa
of the ring ; but with this particular circumftance,

that the occidental anfa appeared more ftrongly

illu-

Cadiz, 12 de Odtubre de 1773.
Muy Seflor tnio,

A CABO de obfervar el celebre fenomeno de la phafe

XjL red'onda de Saturno, que tanto le recomendo a los

Aftronomos en la Gazeta de Francia de 23 de Julio de efte

ano. Deide el dia 24 de Septiembre hafta el 4 de Oftubre he
vifto clara y diftintamente las dos afas del anillo, aunque con la

particularidad de que el aid occidental parecia mas bien iluminada

aue

4
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illuminated than the oriental. The atmofphere

was thicker on the 5th, and I could only fee

the occidental. The 6th, I thought I could dif-

cern fome faint remains of the ring ; but that

might be a deception of my fight, becaufe the at-

mofphere remained very thick, and the planet

could not be feen well terminated. On the yth,

the atmofphere being more tranfparent, and the

heavens clearer than I have ever feen them, I ob-

ferved the total difparition of the “ring j and, hav-

ing repeated the fame obfervation the following

day, I was convinced that this famous phasnomenon
took place the 6th day of the month, in which de-

termination I have all the exadtnefs, which can be

expected in obfervations of this kind. The
moft ftriking circumftances of this phaenomenon
were the following j 1. The occidental anfa con-

flantly appeared more bright than the oriental.

2. On the difc of the planet, one could clearly

diftinguifh the line of the thadow projected from
the

que la oriental. El tlia 5 eftaba la atmosfera algo denfa, y folo

pude diftinguir el afa occidental. El dia 6 me parecio haver

percivido algun viflumbre del anillo, pero tal vez feria una ilu-

lion de mi vifta, porque eftaba la atmosfera fumamente denfa,

y no fe podia ver el planeta bien terminado. El dia 7, con la

atmosfera mui limpia y el cielo mas claro que he vilto jamas,

obferve la total defaparicion del anillo, y haviendo repetido la

mifma obfervacion al dia figuiente, me afegure en que efta cele-

bre phafe fe havia verificado el dia 6 de efte mes, en cuya deter-

minacion hay toda aquefta exaftitud de que fon fulceptibles

eftas obfervaciones. Las particularidades mas notables de elle

fenomeno han lido las liguientes. 1. El afa occidental parecia

liempre mas bien iluminada que la oriental. 2. En el difeo del

planeta fe diftinguia claramente la linea de la fombra que pro-

Vol.LXIV.
.

ye£ta
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ihe thicknefs of the ring. 3. On the extremities
of this, fome luminous points were perceived,
which reflected the light more flrongly than the
others. 4. I did not obferve a fenfible variation

in the apparent diameter of the ring.

I made ufe, for this obfervation, of a five-feet

refledor of Mr. Short, of another of four of Mr.
Nairne, and of an excellent acromatic telefcope of
Mr. Dollond, to which I applied one of the

ilrongefl and brightefl magnifiers.

I afiure you, Sir, that I have given to this ob-
fervation all the attention, which the importance
of the matter required ; and this joined to three

others, form a fet of obfervations on the planets,

the occultations of fixed liars by the moon, and
the Satellites of Jupiter. I lhall fend you a copy
of the whole, if you think proper to prefent them
to the Royal Society,, and will accept of my cor**

refpondence.

Don

yefta el efpefor del anillo. 3. En los extremos de efte. fe per-

cibian unos puntos luminol'os que refleftaban la luz con mas vi-

veza que los otros. 4. En el diametro aparente del anillo no

bubo una variation- fenfible. Me fervi para efta obfervacion de

un. teleicopio de 5 pies de Mr. Short, de otro de 4 de Mr. Nairne,

y de un excelente anteojo acromatico de Mr. Dollond, al qual

aplique uno delos tubos mas fuertes y claros.

Afeguro a vm. haver hecho efta obfervacion con toda la pro-o . . r „

lixidad, que pide la importancia de la materia, y con la milma

tre formado un Quaderno de obfervaciones fobre los planetas,

ocultaciones de eftrellas fixas per la Luna, y Satelites de Ju-

piter. De todo embiare a vm. una copia, li guftare prefentarla-

a la Sociedad Real, y admitir mi correfpondencia.
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Don Vincent Tofino Captain of a frigate in the

King’s fleet, and Director of the Academy of the

Guarde-marines^ has had a great ihare in thefe

•obfervations. He is no lets deflrous, than rnyfelf*

that they fhould be communicated to the Royal
Society : for which purpofe, I requeft an anfwer

from you, which you will pleafe to addrefs to.

Sir,

Your mod humble obedient fervant,

JOSEPH VARELAZ,
Lieutenant in the Royal Navy, and

Profeffor of Mathematicks in the

Academy of Guarde Marines.

Dn. Vincente Tofino, Capitan cle Fragata de la Rl. Armada,

y Dire&or de la Academia de Guardias-Marinas, ha tenido mu-
cha parte en eftas obfervaciones. Defea como yo comunicarlas

a la Sociedad Real, ji cuyo fin fuplico a vm. que me refponda, y
que me mande como a

Su mas rendido y obediente fervidor,

JOSEF VARELAZ*

Teniente de Navio de la Real Armada y Profefor

de M'athemathicas en la Academia de Guardia*

Marinas.

2 XIV. Of
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XIV. Of the Gillaroo Trout . A Letter

from the Hon. Dairies Barrington, to the

Rev. Dr. Horfley.

DEAR SIR,

Redde,Dec.2 3,'YT’ OU will find upon the table a
J /73- Gillaroo trout, as it is termed

in Ireland, the peculiarity of which is, that the

ilomach very much refembles the gizzard of a

bird.

The firft time I ever happened to hear of thefc

lingular fifh, was from an Irifh Judge, who being

on the Connaught circuit at Ballynrobe, in the

county of Mayo, exprefled his incredulity with

regard to their exigence, but was obliged to pay

the common Irifh wager, of a rump of beef and a

dozen of claret, on three or four being produced

the next day from a neighbouring lake.

Since that time I have endeavoured to procure

a fpecimen, with the entrails adhering, and have

at laft fucceeded, the ftomach upon the table

having been extracted by Mr. hunter, f. r. s.

in the prefence of feveral.

I do not find that any ichthyologift takes notice

of fuch a part belonging to fifh, except gouan
who fays, that the ventricle, of fome forts, refem-

bles the gizzard of fowls, by being partly flefhy*

and partly membranous: gouan, however, does

f Philofophia Ichthyologica, p. 80.

not
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not fpecify the fpecies of fiih, which hath fuch a

ftomach.

No mention is made by any naturalift of this

•variety in the trout ; nor is it noticed in the col-

lection of tracts for illuftrating the natural hiftory

of Ireland, which was publifhed in 1727, though

their lakes and rivers are particularly described.

If the fpecimen, now fhewn to the Society, was
a Angle one, it might be confidered as an accident ;

but there can be no doubt, of trouts being con-

ftantly caught, with this extraordinary ftomach, in

fome of the Irifh lakes, though the greater part

indeed do not differ from the common forts : I

have therefore been informed by Lord Louth,
that he hath feen a fmall difh, confifting merely
of fuch gizzards at an Irifh table in Galway, and
I could corroborate this faCt, was it neceffary.

by the teftimony of an Irifh Archbifhop.

There are no exterior marks by which the fpe-

cimen on the table can be diftinguifhed from the

common trout ; but I have fhewn the ftomach to

Everet of Clare-Market, a very intelligent fifh-

monger, who declares, that though he hath cut up
thoufands of trouts and falmons, he never ob»
ferved any thing fimilar in the infide.

Mr. hunter opened a charr, which is fcarcely

diftinguifhable from a trout in it’s outward ap-

pearance, and found the poke, as our fifhmongers

call it, very different; you will find however the

ftomach of a common trout upon the table, which
may be compared with that of the Gillaroo, though
it is admitted to be a bad fpecimen.

I have been informed that the term Gillaroo

fignifies a gizzard in the Irifh language; but as I

6 " cannot
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-cannot find any fuch word in Lhuyd’s Iriffi Dic-
tionary, pofiibly it may be only a corruption of

Killaloe near which town fuch trouts are caught.

The poke of the Gdlaroo feems to perform the

office of a gizzard, becaufe feveral final 1 fnails were

found within the prefent fpecimen, and 1 conclude,

that this fpecies of food abounds in the lake, which
this variety of trout frequents.

By the beft information I can procure, they are

more common in lough corryb, and the lakes of

galway, than the other waters oi Ireland : they

are alfo caught in lough dern, through which
the shannon runs: I inclofe however fome memo-
randa relative to the Gillaroo trouts, which
Mr. Walsh, f. R. s. was fo good as to make for

me, whilih he was, lafi: futnmer, in Ireland, fume
cf which he received from an inn-keeper at kil-

laloe, -and the others from fifhermen of lough
dern.

If the particulars, I have Hated, happen to prove

interefting to the Society, I hope they will do me
the honour of giving the fpecimen a place in their

Mufeum. I am,

dear sir,

Your moil faithful humble Servant,

DAINES BARRINGTON.
* Though I do not pretend to underftand either the Wellh

or Irifh languages, yet I know that there is a great affinity be-

twixt them, in the names for common things.

Now cylla fignihes theJlomcuh in Wei fir (fee Davis’s Dictio-

nary Artie. Ventriculm ) and ruadb is rendered prong by Lliuyd,

in his Irifh Vocabulary : Gillaroo therefore is thejiomachJh-ong,

as the adjective follows the fubftantive, according to the Welfh
idiom, and probably therefore according to the Irifh.

1 POST-
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POSTSCRIPT.

SINCE I wrote the above, I have this morn-
ing procured the pokes of two falmon, one of
which weighed 34 lb, and the other 24 pounds.

You will obferve in thefe fomething fimilar ; but

though both thefe filh exceed the Gillaroo trout

fo much in fize, yet the gizzard part is fmaller,

and is at the fame time lefs mufcular. The Gil-

laroo trout did not probably weigh more than four,

or five pounds.

MEMORANDA OF MR. WALSH, F. R. S..

Killaloe. October 1, 1773.

Innkeeper’s Account.

The Gillaroo or Gizzard trout.

The gizzard of the fize of a large chicken : it

is white, and excellent eating; vaftly broader than

a trout of the fame length ; fome of them three

feet long fome from twelve to eighteen ; the

trout itfelf is bad eating.

They catch many trout, and but few Gillaroos.

They have the finelt trout in the worlds

Lough
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Lough Derg. October 2, 1773.

Fiftiermen’s Account.

From May to Auguft, trout of all kind is the

moft plenty.

The largeft Gillaroo is 12 1 pound ; the fmalleft,

2 pound. There is a red Gillaroo and a white ;

the laffc is the fmalleft, and the better eating. It

is white, with black, fpots on it j the red Gillaroo

is red, with black fpots on it.

The large Gillaroo have gizzards bigger than

a turkey gizzard ; they have gravel and little (hells

in them. Never faw a roe, which is here called

a pea, in the Gillaroo, nor a milt. They feldom

take a Gillaroo at the fpawning feafon. They
are quite different from the other trout ; their

fpots are larger, and fewer.

A very large fpecies of trout, of 20 and 30
pounds weight, called Budhurs, that is, big, re-

femble the red Gillaroo outwardly, but have no

gizzards, nor are they broad. Are feldom killed

till the latter end of the feafon ; that is, from this

time to Chriftmas.

XV. Account
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XV. Account of the Stomach of the Gillaroo

Trout, In a Letter from Mr . Henry

IVatfon to Sir John Pringle.

SIR,

Redde, Jan. 27, y
g

H H E requell, you was pleafed to
17 7+

' Jp make to me, in the name of

the Royal Society, that, at my leifure, I would
examine into the ftru£ture of the llomach of the

Gillaroo trout, I fhall now endeavour to comply
with, in the bell: manner I am able.

The Hate, in which I received this llomach, did

not admit of the moll accurate examination ; and
the llomach of the common trout, fent to me at

the fame time, was fo hardened, and Ihrivelled

up, 1 could by no means unfold it, or draw any
comparifon between them.

The llomach of the Gillaroo trout may be
divided, at leall, into three coats;—an internal, a

middle, and an external one.

The external is a kind of peritoneal covering,

common to the llomach, intellines and other

vifcera.

The middle coat appears to be of a fibrous

mufcular texture, pretty thick in flelh, llronger

than in the falmon ; and of a yellowilh colour.

Vol.LXIV. R The
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The internal coat, has a rough, but not rugous

furface. It is fpongy and perhaps glandular, with

a kind of honey-comb texture, and ftrong •billi, a

little fknilar to the internal appearance of the

gall-bladder in the human fubject ; and no doubt

would make an elegant figure, was it well in-

jected. This, sir, is the molt, that I am at prefent

able to obferve upon the ftruCture of this v/fcus.

But, as the Itomach of the Gillaroo trout is

fuppofed to perform the office of a gizzard, it

may be neceffary to examine a little, how far they

agree.

The gizzard, in birds of the gallinaceous kind,

is compofed of large mafles of flefh and tendon
;

between which lies the ftomach, a ftrong, denfe,

cartilaginous, or horny bag, furnifhed with emi-

nent ruga, and deep furrows ; but we have none
of thefe appearances in the ftomach of the Gil-

laroo trout ; it does not fhew the lead re-

femblance, nor can I think it will bear any com.
parifon, with the gizzard in fowls ; nor is it at all

conclufive, that the ftomach of this trout performs

the office of a gizzard, becaufe feveral fmall fnails

were found within itj for might we not as well

conclude, that the caeca annexed to the duodenum ,

and which are, in this fifh, very numerous, and
loaded with the fame little (hells, do the offices

of fo many gizzards ? But we know that thefe

caeca are glandular pouches, and do the office of
a pancreas.

If the ftomach of the Gillaroo trout does not

appear, to correfpond with the ftrufture of the giz-

zard in fowls, neither does it agree, in every refpeft,

with
2
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with the appearances commonly obferved in fifhes.

It is indeed membranous and mufcular, but its

internal furface is not fo fmooth, white, and po-

lifhed ; nor is it made up into large folds, or plaits,

as we commonly find it in moft fifhes ; in fome
indeed, more refembling a gut, than a ftomach:

but the internal furface, in the ftomach of the

Gillaroo trout, is rough, and over-fpread with

villi, which are fo ftrong, they may be eafily feen

with the naked eye, and which I have never ob-

ferved in the ftomach of any other fifh.

Upon the whole, we may venture to conclude,

that there are fbme Angularities, in the ftrudture of
the flomach, which may perhaps be peculiar to

the Gillaroo trout.

If, in the beft manner I have been able to pre-

pare this ftomach, you fhould think it worth pre-

ferving, I hope it may poffefs a corner in the

Mufeum of the Royal Society. I am.

SIR,

with great refpeft.

Your moft obedient.

humble fervant.

Rathbone-place,

i£>Jan. 1774- HENRY WATSON.
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XVI. A Defcription of a petrified Stratum?

formed from the Waters of Matlock,
in Derbylhire. By Mathew Dobfon,
M* D, Communicated hy Dr . Fother-

gill.

Redde, Jan. 13,T_
AURING a fhort ftay atMATLOCKT,

1 774
* J| this futnmer, I made fome ol>

fervations on the petrifying quality of the waters,

.and examined a very lingular Stratum r which has

been formed in their collide.

This Stratum I found about 500 yards in length;

in feveral places, near 100 yards in breadth
; and,

where thickeft, from 3 to 4 yards in depth. The
manner, in which this body of done has been pro-

duced, is eafily afcertained.

Within the memory of fome perfons now alive,

the waters of Matlock were not appropriated

16 the purpofes either of bathing or drinking..

They Hided from near the bottom of the hill,

which lies to the weft, immediately behind the

prefent houfes, and ran, at random, down a de-

clivity of about 100 yards, to the river derwent.
In their courfe, they formed large petrified mafles,

intermingled with great quantities of petrified mofs,

nuts* leaves, acorns, pieces of wood, and even

trunks, of trees.

r%

A The



[
125 ]

The waters were thus conftantly railing ob-
ftacles to their own progrefs, and were frequently

therefore forced into new channels ; lo as, by de-

grees, to be extended over a furface of at leaft 500
yards in length. And, by being repeatedly re-

turned into the fame channels, a Stratum, of con-

ftderable thicknefs, has been formed.

On examining this Stratum , fome parts are dis-

covered to be extremely hard, and others fo foft,

as ealily to be cut. The foft parts, however, on
expofure to the air, become as hard as hint ; and

on being ftruck, found like metal. The reafon,

of this difference in the hardnefs of different parts,

appears to be this : as the waters frequently

changed their channels, and repeatedly likewife

returned again to the fame channels, if, in the in-

tervals, there were any parts confiderably raifed,

and confequently longer before they were covered

with frelh incruftations, thefe, from a longer ex-

pofure to the air, would acquire a greater degree

of hardnefs.

Whole houfes, in the neighbourhood, are built

of this ftone, which they find more durable, than

any other they meet with ;
and as it has the ex-

cellent property of growing harder, from being

expofed, and has likewife many little cavities and

interfaces, good mortar fo infmuates itfelf into

thefe, as to form a wall as firm as one continued

ftone.

This Stratum affords very curious and beauti-
•/

fully varied petrifactions. Mol's exhibits great

varieties ; for it is evident, that the mofs has con-

tinued to vegetate, after the roots and lower parts

had
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bad been penetrated by the {tony particles ; and
thus, {{retching itfelf to a confiderable extent, it

•ihas, in fome places, been mixed and interwoven
with other fubitances. In fome parts, In ails have
been arrefled in their fluggilh walks, and locked

up in the ftony concrete. In others, the petrify-

ing matter has (hot, in different diredtions, and
formed an intricate kind of net-work. And in

Others again, there are large mafles, which, on
being broken afunder, are found hollow

; and
their cavities ornamented with branches of petri-

faction, fomewhat refembling coral, but of a

darkifh-white colour, and generally of a rough
-and granulated furface.

Under the Stratum there is, from a foot to a

foot and a half, of good foil ; and immediately
under this lies the limeftone rock. The foil is

of the fame nature with that of the adjoining

fields, which form the dope of the hill, and is

evidently a continuation of that foil.

Any further additions, to this petrified Stratum

are now inconfiderable, and in many places none

at all ; for the two principal fprings are confined

to their channels, covered from the day, through

the greateft part of their courfe, and are rapid in

their motion.

Had proper obfervations been made on the pro-

grefs of this Stratum , a tolerably exact eitimate

might have been formed, with refpebt to the time,

when thefe waters were fir ft impregnated with
their mineral ingredients. From thefe two con-

fiderations, however, that the Stratum is not very

thick, and that the foil, immediately under it, is a

continu-
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continuation of that,, which lies on the Hope of
the neighbouring hills, it is probable, that many
centuries have not been requifite to its production;

and, confequently, that thefe mineral waters are

not of very antient date.

And, if we may rely upon an obfervation,, which
I had from a plain, inquifitive, and intelligent

man, on the fpot, the fource, whence thefe waters

derive their impregnation, is in fome degree ex-

haufted. This perfon allured me, from his own.
experience, that pieces of mofs, and other fub-

ftances, put in the courfe of the waters,, and in the

fame circumftances as formerly, require more than
double the time, for their petrifaction, that they
did thirty years ago..

The Stratum
, therefore, from which the

Matlock waters are impregnated, mu ft either be-

confiderably exhaufted ; or the waters have de-

viated from their former courfe, and are now only
partially diftributed over this Stratum,

Leverpool, 0£L. 15., 1773.,

XVII.
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XVII. Remarks on the Aurora Borealis .

By Mr. Winn. In a Letter to Dr.
Franklin.

Spithead, Auguft 12, 1772.
SIB,

Redde, Jan. 20, Have often wifhed, that fomebody
//+

JL would carefully collate a fufficient

number of meteorological journals, with intent

to obferve and clafs the feveral appearances in the

atmofphere, before great changes in the weather,

particularly before great dorms. I am perfuaded,

from my own obfervation, that, in general, fuffi-

cient indications, of impending tempeds preceed

them a conliderable time, did we but carefully

note them. The phenomenon, which I am going
to mention, is one of thole indications which not

only portend an approaching temped, but afcertain

from what quarter it will come ; a circumdance,
that may render it of edential lervice to feamen.

I believe the obfervation is new, that the Aurora
Borealis is condantly fucceeded by hard foutherly,

or fouth-wed winds, attended with hazy weather,

and lmall rain. I think, I am warranted from
experience, to fay condantly ; for in twenty- three

indances, that have occurred, fincel fird made the

obfer-



I J29 ]

obfervation, it has invariably obtained. However,

I beg leave to requefl, you will recommend it to

the notice of the Royal Society, as a matter, which,

when confirmed by further obfervations, and ge-

nerally known, may be of more confequence than

at firfl appears. To fhew that it may, give me
leave to recite the circum fiance, which firfl occa-

fioned my taking notice of it. Sailing down the

Englifh channel in 1769, a few days before the

autumnal equinox, we had a remarkably bright

and vivid Aurora the whole night. In fhore, the

wind was fluctuating, between N.N. W. and N. \V®

and farther out, W. N. W. Delirous of benefiting

.by the land wind, and alfo of taking advan-

tage of an earlier ebb-tide, I difpenfed with the

good old marine adage, never to approach too

near a weather-JJjore , left it fuould prove a lee

-

feore ,
and, by fhort tacks, clung clofe along the

Englifh coaft. Next day, the wind veered to the

S. W. and foon after to S. S.W. and fometimes S.

We were then in that dangerous bay between
Portland and the Start Point, and carried a prefling

fail, with hopes of reaching Torbay before dark ;

but night fell upon us, with thick haze, and fmall

rain, in fo much, that we could not have feen

the land at the difiance of a fhip’s length. The
gale was now increafed to a florm ; in this dilemma,
nothing remained but to endeavour to keep off the

fhore, till the wind fhould change. Luckily our

fhip was a flout one, and well rigged.

Reflecting fome time after, on the circumflances

ot this florm, and the phenomena thaf preceded

it, I determined to have particular attention to

Vol. LXIV. S future
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future Aurora, and the weather, that fhould fucceed
them ; and, as I have obferved above, in twenty-
three inftances, have found them uniform, except

in degree : the gale generally commencing be-

tween twenty-four and thirty hours after the firft

appearance of the Aurora. More time and ob-
fervation will probably difcover, whether the

ftrength, of the iucceeding gale, is proportionate to

the fplendor and vivacity of the Aurora
, and the

diftance of time between them. I only fufpecl,

that the more brilliant and active the firft is, the

fooner will the later occur, be more violent, but

of fhorter duration, than when the light is lan-

guid and dull. Perhaps too, the colour of the

Aurora may be fome guide, in forming a judgement
of the coming gale. That which preceeded the

ftorm I have mentioned, was exceedingly fplendid.

The tempeft fucceeded it in lefs than twenty-four

hours, was violent, but of Ihort (about eight hours)

continuance. In June laft, a little without found-

ings, we had for two nights following, faint in-

active Aurora ; the confequent gale was not hard,

but lafted near three days: the firft day attended

with haze, and fmall rain ; the fecond with haze

only, and the laft day clear.

The benefit which this obfervation, on the Au-
rora Borealis ,

when further confirmed and known,
may be of to feamen, is obvious, in navigating

neat coafts, which tend eaft and weft, particularly

in the Britiih channel. They may, when warned

hy the Aurora Borealis
,
get into port, and evade

the impending ftorm ;
or, by ft retching over to the

fouthward, facilitate their paflage, by that very

ftorm.
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ftorm, which might have deftroyed them ; for

no winds are fo dangerous, in the channel, as

foutherly and fouth-weft. In a word, iince I have

made this obfervation, I have got out of the

channel, when other men, as alert, and in fafter

failing ffiips, but unapprized of this circumftance,

have not only been driven back, but with diffi-

culty have efcaped fhipwreck.

Perhaps, the obfervation, that foutherly gales

conftantly fucceed thefe phenomena, may help

to account for the nature of the Aurora Borealis ;

my own thoughts on that fubjedt, I fhall fome

time beg leave to lay before you.

I am, with great refpedl,

s I R,

Your obliged,

humble fervant,

J. S. WINN.

S 2 A further
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A further Note from the fame Gentleman.

In Auguft laft, Mr. winn fent Dr. franklin
fome obfervations on the Aurora Borealis , to which
he would add, that, on Saturday evening, the 16th

inftant, as Mr. Winn came to town, the Aurora
was fo bright, that he found a croud of people in

the Minories, gazing at it, which they took to be

the effect of a great fire about Bifhopfgate-ftreet;

the next day we had a hard gale at S. S. W. with
•rain.

Friday Morn. 22 Jan.

Conjecture on the foregoing.

The Aurora Boreales , though vifible alrnofb

every night of clear weather, in the more northern

regions, and very high in the atmofphere, can

fcarce be vifible in England,.but when the atmo-
fphere is pretty clear of clouds, for the whole fpace

between us and thofe regions, and therefore are

feldom vifible here. This extenfive clearnefs may
have been produced by a long continuance of s

northerly winds. When the winds have long

continued in one quarter, the return is often vio-

lent. Allowing the faft fo repeatedly obferved by
Mr. Winn, perhaps this may account for the

violence of the foutherly winds, that foon follow

the appearance of the Aurora . on our coafls.

B. F.

XVIII. Exr
\

' '
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XVIII. Experiments concerning the dif-

ferent Efficacy of pointed and blunted

Rods, in fecuring Buildings againjl the

Stroke of Lightning. By William

Henley, F. R . S

Rfedde, Dec. 1 6, ~| p R Q M an accident which lately

Ji happened to the chapel in Tot-

tenham-court road, where a poor man was killed,

an account of which I had the honour of pre-

fenting to the Royal Society, the Gentlemen, who
have the care of that building, were delirous ol

eredfing a proper conductor, to prevent fuch ac-

cidents in future; which was done accordingly

under my direction, except three points at the top,

to which I rather incline to prefer a fingle one.

On this occafion, I was willing to obtain the bell

information I could, upon the queftion, whether

the preference be due to points or knobs, for the ter-

mination of conductors \ for which purpofe, 1 made
the following experiments.

.

EXPERIMENT I. .

I placed two of Mr. canton’s electrometers, A.
and B. [Tab. VIII. Fig. ill.] inhabited, upon Rands

i - of
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oi- fealing-wax, about feven inches afunder, and as

many from the end of a prime conductor, which
was eighteen inches long, and one inch and an
half diameter

;
and had a ball, at each end, two

inches and a half diameter : the diameter of the

electrical globe being nine inches. On the top

of the box A, I placed a wire, projecting three

inches from the end of it, and terminated by a

ball three quarters of an inch in diameter. On
the top of the box B, I placed a fharp poi; ted

wire, projecting alfo three inches from its end.

The knob and point were now exaCtly at the

lame difiance, namely, feven inches, from the

end of the conductor. Then, giving the winch
five or fix turns, the light cork balls, hanging
from the box A, were repelled to the difiance of

one inch from each other ; but thofe hanging

from the box B, feparated tull two inches. Then
touching the prime conductor with a finger, the

balls at A clofed, while thofe at B remained a full

inch afunder. From this experiment, I think it

feems evident, how much better adapted a fharp

point is, to draw off lightning, than a knob of

three quarters of an inch in diameter; and, con-

fequently, how much more likely to caule it to

pals in that conductor, to which it is affixed, rather

than in any other part of the building, where it

might occafion much damage, as well as endanger

the lives of thofe, who might happen to be in

ir. The following experiments feem to make
ff ill more ftrongly in favour of the fame con-

clufion.

6

EXPE-
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EXPERIMENT II.

I affixed, to the top of a glafs-ftand, a wire,

three eighths ol an inch in diameter, terminated,

at one end, by a ball, three quarters of an inch

in diameter; and, at the other end, by a very (harp

point, lee Fig. 2 . Round the middle of this wire,

I hung a chain twelve inches long. I then charged

a bottle containing one hundred lquare inches of

coated furface, and, connedling the chain with the

coating of the bottle, I brought the knob of it,

very gently, towards the ball on the infulated

wire, that 1 might obferve precifely, at what dis-

tance it would be difcharged upon it ; which I

found to happen conftantly, at the diftance of half

an inch, with a loud and full explolion. Then,
re-charging the bottle, 1 brought the knob, in the

fame gradual manner, towards the point of the

infulated wire, to try alio, at what diftance that

would be ftruck ; but this, in many trials, never

happened at all. The point, being approached in

this gradual manner, always drew off the charge

imperceptibly, leaving fcarce a fpark in the bottle..

EXPERIMENT III.

I had now recourfe to the apparatus known, to

eleftricians, by the name of the thunder-houfe

which I thought a nearer refemblance of the ope-

rations of nature, on thele occalions. Having con-

nected a jar, containing five hundred and nine

fquare inches of coated furface, with my prime
COlli-

%
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conductor, fee Fig. 3, I obferved, that, if it was fo

charged, as to railc the index, of my electrometer to

iixty degrees, by bringing the ball, on the wire of

the thunder-houfe, to half an inch diftance from
that connected with the prime conductor, the jar

would be difcharged, and the piece in the thunder-

hou le thrown out to a confiderabie diftance. Uliug
a pointed wire, for a conductor to the thunder

-

houfe, indead of the knob, as in the former experi-

ment, the charge being the lame, the jar was dif-

charged lilently, though fuddenly : and the piece,

was not thrown out of the thunder-houfe.

EXPERIMENT IV.

Having made a double circuit to the thunder-

houfe, the firft by the knob, the fecond by a

iharp pointed wire, at one inch and a quarter

diftance from each other, but of exaCtly the fame
height, fee Fig. 4, the charge being the fame

; al-

though the knob was brought fn ft under that con-

nected with the prime conductor, which was raifed

half an inch above it, and followed by the point,

at one and a quarter inch diftance, yet no ex-

plofion could fall upon the knob
;
the point drew

off all the charge filently
;
and the piece in the

thunder- houfe remained unmoved.

•EXPERIMENT V.

Having iniulated the jar, and connected, by
chains, with the external coating, on one fide,

a knob; and, on the other fide, a fharp* pointed

wire.
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wire, both being infulated, and (landing five inches

from each other, fee Fig. 5, I placed a large cop-

per ball, C, eight inches in diameter (infulated

alfo) fo as to (land exactly at half an inch diftance

both from the knob and the point. The jar being

fully charged, I delivered it upon the copper-ball

by my difcharging rod, whence it leaped to the

knob A, which was three quarters of an inch

in diameter, and the jar was difeharged by a:

loud and full explofion, and the chain was very

luminous.

Thefe experiments were made in the pretence

of Mr. bell, a very ingenious electrician, whofe
province it was to be particularly attentive to the-

phenomena, and he could perceive no light upotv

the chain, which connected the pointed wire B,-

with the coating of the jar.

EXPERIMENT VI.

I infulated my three largefl jars, containing to-

gether about fixteen fquare feet of coated furface.

From the bottom of thefe jars projected a wire,

terminated by a ball, three quarters of an inch in

diameter ; and, at the diftance of one inch and an
half from it, I placed the infulated ball C. Fig. 6,

on which I brought down the charge of the three

jars, by my difcharging rod ; which leaped from
thence to the ball in contact with the jars, and
difeharged them, by a loud and full explofion

; but

the fame thing did not happen, if I removed the

infulated ball only one eighth of an inch further

from the other. I then removed the wire, which
Vol. LXIV. T was
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was terminated by the ball, from the bottom of
thej ars j and placed another in its ftead, of the fame
length and diameter, but very nicely tapered to a

point, as all mine are. Then, placing the infulated

ball, C, one inch from the point, 1 brought down
the charge of the three jars, as before, which
flew upon the point, and melted it a little. The
jars were difeharged with a loud and full explofion.

But having removed the ball C, to the diftance

of one inch and an eighth from the point, the

charge could not ftrike it ; though much of it

was prefently drawn off (ilently, by the point, as

appeared by the falling of the index of the elec*-

trometer. -

From this experiment, I think it feems fome-

what more than probable, that a condudlor termi-

nated by a ball, of three quarters of an inch in

diameter, would be in danger of a (troke, from an

highly eledlrified cloud, at a much greater diftance,

than another with a fharp termination. Indeed I

cannot help remarking, how very improbable it ap-

pears to me, that a (harp pointed conductor fhould,

at any time, invite, or folicit, a ftroke of lightning.

Imagine, if you pleafe, that a large cloud is, by the

force of the wind, driven violently towards fuch a

point, and actually flrikes upon it
;
yet, as the

point would aft as fuch , at fomewhat more than

the ftriking diftance, it feems probable, that part of

the eledtrici y of the cloud would be drawn off

fllently, before the aflual ftroke could be made

;

and the ftroke itfelf might thereby, perhaps, be a

little leflened.

I /hall
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I fhall here infert what feems to afford a fuffF

cient proof of the truth of this reafoning.

Extract of a letter from Captain richard
nairne, of the Generous Friends, dated

Montreal, June 24, 1773, to Mr. thomas
marsham, in the Borough.

“ I fhall make every obfervation I can, for the
<c good of eledricity, and the fatisfadion of my
“ friend Mr. henley. I put up a longer top-'

“ gallant- mail, the day I arrived at Quebeck. The
“ condudor, by this means, became too fhort 5

“ and my mate lfill let it hang, without making
“ any addition to it. They had a fevere thunder
“ ftorm that night ; but think how pleafed I was
“ to find, that, from the wetnefs of the fhip’s

“ fides, the eledricity pafled into the water,
“ without the leaf! injury to the fhip ; but the
“ fpark on the point of the condudor, which was
* very fharp, was fo lucid, that my people were
“ very much frightned.”

Since I received this account of Mr. nairne’s
obfervation, I have been favoured with the fol-

lowing remark, by my ingenious and worthy
friend, Lieutenant Fairlamb, of the Artillery

;

who informs me, that the church of St. Mi-
chael, in charles town, South Carolina, ufed

to be flruck and damaged by lightning, in every

two or three years from its firft eredion ; but

in fourteen years, that it hath been furnifhed with
a pointed condudor, it hath never been ftruck

at all. It appears alfo, that when a ftroke of

T 2 light-
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lightning fell upon a liable belonging to william
Lyttelton Efquire, Governor of South Carolina,

and fplit and threw down two of the raftors
;
yet

the dwelling houfe, at twenty yards diftance,

being provided with a conductor, terminated by

a fharp point, efcaped unhurt. I would here alfo

juft remark, that nothing can be more fharply

pointed, than the weather-fane which terminates

the conduftor, * on one of the pinnacles on the

tower of St. mich ael’s church in cornhill,
which conlifts of two darts, with a ftar, having

many pointed radii between them
;
yet in the late

thunder ftorm, the lightning does not appear to

have ftruck this building ; but fell upon the key,

at the top of the fpire of St. peter’s church,

which is confderably lower than the fane of St.

Michael’s; and the diftance of the two churches

is not more than two hundred feet ; as I have been

informed by Mr. edward nairne who meafured

it. This key is terminated by a thick blunted end:

the fpire is covered with lead, from the key to the

brick tower; and fo far the lightning was conduced
with fafety to the building; nor could I obferve,

that there had been the leaft fulion upon the

metal; fome parts of it, however, I could not get

at to examine; but having quitted the lead work,

and entered the brick tower, it there did con-

fiderable damage, till it reached the leaded roof

on the body of the church ; whence it feems to

have been conduced, by the pipes, which carry-

down the rain water, and which reach to the

bottom of the building, without further damage.

* Ere&ed by my ingenious friend mr. edward nairne.
' Almoft
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Almoft at the fame inftant that this fpire was
ftruck, the lightning fell alfo upon a Dutch fliip,

in the river Thames, lying off the Tower, which
had an iron fpindle, terminated by a thick blunted

end, at her mail:- head, and did her much damage.
A very exaft account of which hath been taken

by Mr. bell, and, at .another opportunity, wili be

laid before the members of this Society.

The lightning ftruck alfo upon the pillar, com-
monly called the obelisk, in the crofs road in St.

George’s-fields, Southwark ; a very curious ob-

fervation of which was made, foon after the

ftroke, by Mr. Coventry, and Mr. Thomas Green,

well known to many in the Royal Society, for his

lingular and very curious method of preferving

the fubjedts of natural hiftory. It likewife llruck

the chimney of the new Bridewell there, which
it threw down to the ridge of that building, which
was covered with lead ; and then difperfed itfelf

with little damage. The lightning fell likewife

upon another chimney, at lambeth ; and upon a

houfe at the Phylick-garden, near vauxhali. ;

and, as before obferved, it appears by the bell infor-

mation, nearly at the fame time; and in many
other places, conliderably diftant from each other.

I have obferved, on another occalion, that if a

round ball of metal, two inches in diameter, was
prefented towards the large prime conductor to a

good cylinder, at the diftance of two inches, it

would continue to receive fuch ftrong fparks, as

would give the perfon who held it, a fenfible

fhock in both his legs ; but that if the point of a

lancet, or a wire fix inches long, nicely tapered

to a point, and tipped with heel, were, at the fame
rime,
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time, held towards the conductor, at the diftance of

two feet, the point would draw off all the electricity

of it filently, and not luifer a fpark to pals from
thence to the ball ;

and from this experiment I

inferred, that a (harp point might probably, in fome
meafure, produce the fame effect on a cloud highly

charged with eledtricity, * and thus perhaps con-

tribute to leflen a little, if not actually prevent,

a ftroke. I alio obferved, that if the point of the

wire, or lancet, was brought nearly into contact

with the prime condudtor; yet no fenfation would
be felt in the hand of the operator; and this, I

imagined, was a kind of demonllration, that there

could be no danger of inviting a ftroke of light-

ning from a cloud, by a fharp pointed condudtor ;

as it could make no difference in the experiment,

whether the point moved towards the large prime

condudtor, or the condudtor moved towards the

point. It having, however, been objedted to this

experiment, that it was not analogous to the effedt

of nature operating by a cloud; forafmuch as the

cloud being a lool'e and floating body, it might
accede to, and ftrike upon the point with its con-

tents ; which the condudtor, being a fixed body,

was incapable of doing, I made the following ex-

periment,

EXPERIMENT VII.

I procured, by means of my ingenious friend

Mr. Coventry, a bullock’s bladder, of the largelt

ftze ;
which bladder Mr. Coventry gilded for me

with leaf copper, and fufpended it, by a filken

Or rather on the eledbic atmofphere, furrounding the cloud.

6 firing,



[ *43 3

firing, atone end of an arm of wood, placed hori-

zontally, and turning freely upon the point of a

needle ;
the needle being ftuck upright in another

piece of wood, inlerted in a firm bale, and

Handing in a perpendicular dired ion to the floor.

The bladder was balanced by a leaden weight, at

the other end of the wooden arm, lee Fig. 7. The
apparatus being thus adjufted, I gave the bladder

a ftrong fpark, from the knob of a charged bottle ;

when, prefenting towards it a brafs rod, terminated

by a ball, two inches in diameter, I obferved, tha^

the bladder would come towards it, at the difiance

of three inches; it would even come back to it,

when fwinging in a contrary direction ; and when
it had got within one inch of it, it would throw
off its electricity in a full and ftrong fpark : the

bladder gave the fpark nearly, if not quite, as large

as it received it. I then gave it another ftrong

fpark, as before, when, prefenting towards it the

pointed wire above-mentioned, I could never per-

ceive that it acceded to that ; and when it was
brought nearly into contact with the bladder, there

was no fpark at all, fcarce any fenAble quantity of
eleCtricity remaining in it. I repeated the experi-

ments many times, with the utmoft care and accu-

racy I was able ; and always with the very fame
refult.

To the obfervations I have now made, upon the

different efleCts of fharp pointed wires, or thole

terminated by blunted ends, or round balls, in elec-

trical experiments, I fhall add another, with
which 1 have lately been favoured by thomas
ronayne Efquire, whofe permifiion I have to

iofert it in this paper. Having
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Having cut off a few inches of fmall harpfi-

chord-wire, he connected one end of it with the

the loop, at the bottom of his eleftrical battery,

coniifting of nine bottles ; the other end of the

wire he faftened to his difeharging rod, which
was terminated by a large round ball. Upon this

ball he took the charge of his battery, when the

whole of the fmall wire was inftantly melted.

He then cut off another piece, of equal length

with the former ;
and, unferewing the ball, he

fixed the fmall wire in its head, upon the upper

end of his difeharging rod. The lower end of

the rod was now in contact with the bottom of

the battery. The apparatus being thus difpofed,

he re-charged the battery, and took off the charge

upon the end ofthe fmall wire, which was fharply

pointed ; but, in this cafe, only a very little of the

wire was melted
;
proving, as he obferves, the

preference due to points rather than knobs, as

terminations to the conductors for the lightning

on buildings, fhips, &c. The fame gentleman

hath lately favoured me with the following ex-

periment, and the inference refulting from it.

“ Having charged a battery, and unlcrewed one
“ of the knobs of the difeharging rod, I cemented
“ a very fmall portion of leaf gold on that end,

“ in fuch a manner as to adt like a point; then ap-

“ plying the other end, or knob, fo as to commu-
tc nicate with the coatings of the jars, I fuddenly
“ brought the gold-leaf, as near the difeharging
4 ‘ part of the battery, as could be done without
“ danger of a ftroke; ftill advancing nearer, in

“ proportion to the defeent of the index of your
** elec-
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44 electrometer. In this manner, I exhaufted the
44 battery, without any fenfible diminution, or de-
44 ftruftion, of the gold leaf. Whereas a greater
44 quantity of leaf gold may be difiipated, by a
44 ftroke from a tingle fmall jar, if put under one
44 of the knobs of the difcharging rod, and the
44 ftroke be invited by the other ; for in fuch cafe,
44 the leaf gold cannot, in any manner, aft like a
44 point.

44 Now as bodies act at a greater diftance, by
44 how much they are more acute, and thereby
44 diminilh any known eleftrical force ; and, as in
44 any particular cafe, the fmallnefs of the pencil,
44 or ftroke, depends on the acutenefs of the point
44 prefented, I cannot avoid giving my fuffrage
44 for points, in preference to obtufe bodies.

It may not, I think, be improper to introduce,

in this place, an experiment lately made by Mr.
edward nairne, in Comhill ; which, though it

doth not immediately relate to the particular

fubjeft of this paper, is a very proper one to de-

monftrate the utility of metallic conductors in

general.

MR. NAIRNE’S EXPERIMENT.

He affixes, in a little apparatus refembling

the hulk of a fhip, a glafs tube, about eight

inches long, and half an inch in diameter, which
is to reprefent the main-maft. The ends of the

tube, which is filled with water, are properly fe-

cured by corks ; and, through each cork, a wire

is introduced, of fuch a length as to reach nearly

Vol. LXIV. U to
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to the middle of the tube, and leave a diftance

of about half an inch, between the ends of the

two: as in a curious experiment of Mr. lane’s,

made with fmall phials. A flight fhock., difcharged

through this apparatus, inftantly breaks the tube

in pieces, at that part, where the eleCtric matter

quits the upper wire, and expands itfelf in the

water, before it reaches the lower one ; as the na-

tural electricity hath been obferved to do, in bodies,

wherein it hath met with fuch an interrupted

and broken communication of metal ; but Mr.
nairne having fixed, at the top of fuch a glafs

tube, and united with the wire of it, a piece of

very l'mall harpfichord wire, which was continued

to the bottom of it, and there fattened to a regular

communication of metal, in contaCt with the coat-

ing of the jars ; he difcharged through it his four

batteries united, confifting of fixty- four jars, con-

taining fifty fquare feet of coated furface fully

charged, when the whole of the fmall wire was
inftantly exploded and loft ; but the tube re-

mained unhurt. An effeCt analogous to that of

the natural electricity, where, though it hath

fometimes happened, that the conductor, being too

fmall, hath been in part deftroyed, or much in-

jured by a ftroke
;
yet the building, to which fuch

a conductor hath been affixed, hath efcaped, with-

out receiving the leaffc damage.
Among fome very interefting remarks on the

effeCts of lightning, by the ingenious Profellor

WINTHROP of NEW CAMBRIDGE, which liav©

lately been communicated to me by my learned

friend Dr., franklin, I find one, on the influence



t
r 47 ]

of fharp pointed conductors, fo immediately relat-

ing to the queftion under confideration, that no

apology will be neceftary for introducing it in this

place. Dr. winthrop, having given a very cu-

rious and exaCt account of a violent flafh of

lightning, which fell upon and greatly damaged
HOLLIS-HALL, ill NEW CAMBRIDGE, obferves,

thatHARVARD-HALL, being furnifhed with pointed

wires, which wires were at the diftance of one

hundred and fixty feet from the chimney of Hollis-
-

hall, on which the lightning fell, efcaped unhurt,

though the wires were feen by many to tranfmit

a large quantity of it, which left vifible marks
upon the bricks, where the wire hooked together.

This gentleman alfo obferves, that a tree, handing
at the diftance of fifty-two feet from a pointed wire,

ereCted upon the fteeple of a meeting-houfe, as a

conductor for the lightning, had been Itruck and
fhivered ; but that the meeting-houfe remained
uninjured ; and this, he fays, is the lead diftance

from fuch a conductor, fo far as he knew, at

which any thing had been (truck by lightning. It

appears, therefore, I think, very clearly, from
thefe inftances, that (harp pointed wires, inftead

of inviting, and drawing down ftrokes of light-

ning, ferve rather to prevent them, and that they
extend their protecting influence to fome diftance

around them, and ought therefore ever to be ufed,

as the termination of the rods ereCted upon houfes,

fteeples, magazines, mafts of fhips, &c. in fhort,

on all occafions, where conductors for the light-

ning may be thought neceftary.
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I cannot avoid taking notice, in this place, of
fome appearances, upon the iron condudfors on
St. Paul’s cathedral, fuppofed to have been the

effedts of lightning ; of which an account hath
been given to the Royal Society, by a very inge-

nious and worthy member, of whole candor I

would willingly think too highly, to fuppole he
can be offended, if my opinion concerning thefe

appearances fhouid be different from his. In the

firlf place, had thofe bars been heated to a red heat

fo inftantaneoufly, it feems probable, that the

moifture in the flone, which almoft furrounds a
conliderable length of them, at each end, where
they are inferted in the pavement, would have
been turned to fleam

;
and, acting like gun- powder,

would have exploded, and driven out the bars with

great violence. Alio the leaden pipes, particularly

the ends of them which are in contadt with the

iron bars, muft have been much melted
; but thefe

I carefully examined, and could not perceive, that

they had been at all affedted. Secondly, the end of

the iron bar, fuppofed to be the moft affedted, was.

not in contadt with the lead-work below it, by
near two inches; yet it had no appearance of

fufion, as it certainly would have had, if fo large

a quantity of electricity had palled through it;

the ruft likewife, I think, would have been cleared

away, which was not the cafe, and the end of

it have been left quite bright. As to the hole

through the dirt, mentioned by Mr. Gould,

which lay adjoining to it; the dirt lying in a perpen-

dicular diredtion, 1 am inclined to think, that the.

rain-water had foaked through it,, and not wafhed
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it intirelj away. I fhould apprehend likewife,

that the ruft obferved to lie upon the pavement,

ihad been beaten off from the bars, by the hail,

or wafhed off, by the rain, which could not hap-

pen to the end of that before mentioned ; it being

covered by a ftone, which compleatly ffieltered it

from the weather. Had it been exploded from

the bars, by fo violent a firoke of lightning, as

hath been fuppofed to pals through them, I have

fome doubt, whether much of it, if any, would
have been difcovered. Thirdly, in fo great a

firoke, the pointed ornaments of copper, upon the

crols, would probably have been affeCted
;
perhaps

melted down ; but thele do not appear to have

received the leaf! injury. I mud further remark,,

that as the conductors, on which thefe appearances

were obferved, were neither of them in contact

with the lead-work below them ; and there were
two other conductors of equal fiz,e, forming a re-

gular communication of metal throughout
; it

ieems probable, that the electricity would have
paffed in the two laft mentioned ; and that thofe

fuppofed to be fo much affected
, would have con-

ducted very little, if indeed any part at all of the

(hock. The improbability, I believe I might ven-
ture to fay the impoflibility, of thofe bars, which
are four inches broad and half an inch thick,

being heated to a red heat, by lightning, appears to

me ftill more plainly, when I confider, that in a

ltroke, which fell upon the weather fane in the
fpire of St. bride’s church, in Fleet-jftreet, the
iron fpindle, which fupported it, being twenty feet

long, and two inches in diameter, and the lower ten

feet!
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feet of it being furrounded by ftone work, and fixed

firmly therein by melted lead, was not in the
leaft affected

; but conduced the ftroke, as far as

it went, with fafety to itfelf as well as the building;

and no doubt would have done the fame to the
bottom, had it been continued thither. In this

bar, the lightning had an opportunity of accumu-
lating, and it appears, that it did fo. to a mofl
aflonifhing degree; yet the gilding only, on the

fane, was a little difcoloured, owing perhaps to

the gold fize, which connected it with the metal;
and this, it feems, was all the damage it fuftained.

Similar to this, I would obferve, that the paint,

on feveral parts of the iron-work, now in my
poffeffion, of the chapel, through which the light-

ning hath palled, is not at all affected. An iron

bar alfo, upon the obelisk before -mentioned, of

about half an inch diameter, which fupports the

lamp iron at the N. W. corner, upon which the

lightning concentrated ; and two of the iron rails,

on which it leaped from thence, are not injured

in the painting; though the points of the rails,

which were the fourth on the N. and the fifth on
the W. fide, and the two corners of the iron bar,

from whence it flew upon them, were melted a

little. It is worthy notice, that thefe two rails

were the neareft to, and Hood at nearly an equal

diftance, about twenty-five inches, from the lower

end of the bar before-mentioned. In fhort, the

more I refledt on this remarkable account, and

confider the effedts of lightning in former and

limilar inftances, the more firmly I find myfelf

fixed in my opinion, that the appearances, oblerved

upon
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upon the conductors on St. Paul’s cathedral, were

not the effects of lightning, but proceeded from

very different caufes.

I have made many other experiments on the

different effect of knobs or points, as oppofed to

infulated electrified bodies but as they all con-

cur, in eftablifhing and confirming the opinions

before advanced, it feems unneceffary to men-
tion them ; and the more fo, as 1 believe thofe

already recited will be deemed fufficiently de-

cifive without them,.

Having now finifhed what I had to offer, upon
the fubjeCt of pointed conductors, as being the

moft proper for the fecurity of buildings, &c.

I {hall add, by way of appendix, a very curious

obfervation, relating to perfonal fecurity, which
I find likewife among thofe of the learned Pro-*

feffor winthrop, communicated to me by Dr.
franklin. This gentleman, having remarked,

that people {landing in an open plain, are by no
means fecure from a ftroke of lightning, advifes

thofe, who may be overtaken by a Dorm, in

fuch a fituation, to retire within fome fmall

diftance, as from thirty or forty, to ten or fifteen

feet, of an high tree (perhaps about fifteen or

twenty feet from the outermoft branches, may be

as proper a diftance as any) or rather two fuch, if

at hand, and there wait the event, but by no
means to go under them. This advice will, 1

believe, be acknowledged to be moft judicious,

and, if properly attended to, may be of great

fervice
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fervice to travellers, and be the means of laving

the lives of numbers; and as fuch, cannot be made
too public.

P. S. Since the reading of the preceeding paper,

I have taken an opportunity to repeat the moft
interefting of the experiments therein recited

;

and find no reafon to alter a tittle in my account

of them.

The 6th experiment I have alfo varied a little,

as follows ; I placed the large copper ball, C,
at fuch a difiance from that in contadl with

the jars, that on bringing down the charge by

my difeharging rod, it feemed to remain almoft

undiminifhed, though the rod was kept in contact

with the prime condudlor a full minute. Then,
repeating the experiment, with a point inftead of a

knob, the charge was, in a great meafure, prefently

drawn off lilently. Upon the whole, it appears

that though a fharp point will draw off a charge

of electricity filently, at a much greater diflance

than a knob, yet a knob will be {truck with a full

explolion, or {hock, the charge being the lame in

both cafes, at a greater diftance than a fharp point;

and this, I imagine, completely decides the ques-

tion. which I propofed to examine.

XIX. Re-
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XIX. Remarks upon a Paffage in Caftil-

lione’s Life of Sir isaac newton. By
John Winthrop, LL. D. Hollifian Pro-

feffor of Mathematics,
at Cambridge, in

New England.

Redde, Jan. f

‘

|
'HERE is a palTage in cas-

20, 1774. tillione’s life of Sir isaac
newton, prefixed to his edition of the opus-

cula, in three volumes 4to. publilhed at Lau-
fanne and Geneva in 1744, which appears to

me a palpable miftake; and tends to place

Sir isaac newton in an inferior light to

des cartes, in the eyes of foreigners. It is this,

p. xxxii :
“ Ssepiiis fe reprehendebat [neutonus]

« quod res mere geometricas algebraicis rationibus
** tradavifl'et, & quod libro fuo de Algebra Arith-

“ meticge Univerfalis titulum pofuiffet, melius af-

“ ferens cartesium fuum de re eadem volumen
* ( dixilfe Geometriam, ut fic oftenderet has com-
“ putationes fubfidia tantiim effe Geometris ad
** inveniendum.” The authority he quotes for

this is Dr. Pemberton, in the preface to his

View of Sir isaac newton’s Pbilofopby

;

but I

will venture to fay, he has mifinterpreted his

Author. He reprefents Dr. Pemberton as fay-

ing } ift, That Sir isaac newton often cen-
Vol. LX 1V. X fared



[ 154 ]

lured himfelf for handling geometrical fubje&s by
algebraic calculations: 2dly, That another thing

he often cenfured himfelf for, was, his having
called his book of Algebra by the name of

Univerfal Arithmetic
:

3<dly, That he commended
des cartes, as having done better, in giving the

title ofGeometry to his treatife on the fame fubjeft.

—

The two lad particulars, certainly, and I think

the firft alfo, have no foundation in the account

Dr. pemberton has given of this matter. His

words are: “ I have often heard him [Sir isaac]
Ci cenfure the handling geometrical fubjefts by al-

*< gebraic calculations; and his book of Algebra
w he called bv the name of Univerfal Arithmetic,

“ in oppofition to the injudicious title of Geome-
try, which des cartes had given to the trea-

“ tife, wherein he fhews, how the geometer may
tf affift his invention by fuch kind of computa-
« tions.”—Dr. Pemberton’s expreffion does not

at all imply, that Sir isaac newton cenfured

himfelf for handling geometrical fubjefts by alge-

braic calculations : the only idea it fuggefts, is,

that he cenfured that way in general, and thofe

who pra&ifed it, and that he had his eye particu-

larly upon des cartes;—and, far from intima-

ting, that he had inconfiderately called his book

of Algebra by the name of Univerfal Arithmetic,

and afterwards cenfured himfelf for doing fo, and

wifhed that he had rather called it Geometry , as

des cartes did his ;
it directly affirms, on the

contrary, that by exprefs dehgn and choice, he
' called it Arithmetic, in oppofition to des cartes’s

injudicious title of Geometry .

It
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It is true, indeed, that in a following padage.

Dr. Pemberton fays, “ of their [the antients] tafle

“ and form of demonflration, Sir isaac. always

“ profeffed himfelf a great admirer: / have heard
“ him even cenfure himfelf for not following them

yet more clofely than he did\ and fpeak with
“ regret of his miftake, at the beginning of
“ his mathematical fludies, in applying himfelf
** to the works of des cartes, and other alge-

“ braie writers, before he had confidered the ele-

“ ments of euclid with that attention, which
“ fo excellent a writer deferves.”—But the mode
of expreflion here ufed, is fo different from the

foregoing, that there can be no doubt, but that

it was intended to convey a different meaning.

And if, in the cenfure firft mentioned, viz. “for
“ handling geometrical fubjedls by algebraic cal-

“ culations

f

Dr. pemberton had underflood

that Sir isaac meant to include himfelf this

laff paffage would have been a mere tauto-

logy. But this laft flrongly implies, on the con-
trary, that SirJSAAC had, in general, endeavoured

tofollow clofely the antient geometrical form of de-

monflration, in preference to that by algebraic cal-

culation ; which is of modern invention.

There is a remarkable inftance of the attention

he paid to the diftindtjon between thefe methods,
and of the preference he gave to the former, in his

great work of the Principia. Having in Lemma
XIX. and its Corollaries, given a concife and ele-

gant folution of a noted geometric Problem, he
fubjoins: “ Atque ita problematis veterum de qua-

X 2 “ tuor
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“ tuor lineis ab euclide incepti, & ab apollo-
* c nio continuati, non calculus, fed compofitio geo-

“ metrica
,
qualem veteres quasrebant, in hoc co-

“ xollario exhibetur.” That the words, <e non cal-

“ cuius fed compofitio geometrical refer to des
cartes’s prolix, algebraic folution of this Pro-

blem, in his Geometry
, p. 25— 34, will, I believe,

be readily granted by every one, that is acquainted

with Sir isaac newton’s writings.

Upon the whole, I humbly conceive, that Dr.
Pemberton’s meaning, in the former paffage,

might have been better exprefled in Latin, as

follows: “ Saepius eos reprehendebat, qui res mere
“ geometricas algebrai'cis rationibus tradlaviffent 3

u et libro fuo de Algebra Arithmeticre Univerfalis
44 titulum ponebat, adherens cartesium fuum de
44 re eadem volumen infeite dixilfe Geometriam ,

44 in quo oftendit, quomodo h;e computationes fub-
44 fidia elfe poffunt geometris ad inveniendum.”

Which of thefe tranflations does mod juftly ex-

prefs the fenfe of the original, may, I fuppofe,

be fafely left to the judgement of every perfon

that underftands both the languages.

I would only add, that this miftake of cas-
tillione, muft have been owing, either to in-

advertence, or to his not being perfectly acquainted

with the Englidh language 3 as he elfewhere ap-

pears to have had the higheft veneration for Sir

ISAAC NEWTON.
This miftake may, to fome, appear trivial 3 but,

in my apprehenlion, every circumftance, relative

to fo illuftrious a character as that of Sir isaac
NEWTON#
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newton, derives importance from it ; and ought
to be marked with great exadtnefs.

The foregoing remarks are, with all deference,

fubmitted to the judgement of the royal so-

ciety, by

Their moil obedient,

humble Servant,

Cambridge, New England,

March 4, 1773.

JOHN W I NTH R OP.

XX. M.
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XX. M. De Luc’s Rulefor meafuringHeights
by the Barometer

, reduced to the Englifli

Meafure of Length ,
and adapted to Fah-

renheit’s Thermometer
,
and other Scales

of Heat, and reduced to a more conve-

nient Exprejfon . By the Afronomer
Royal.

Rcdde, Jan. "ft, /r de luc, f. r. s. in a large and
J 3> 1 774- valuable Treat ife upon the Ba-

rometer and Thermometer, lately published at

Geneva, the relult of many years labour and

Siudy, has given a rule for the meafurement of

heights by the barometer, deduced from his ex-

periments, and far more accurate, than any pub-
lished before ; iince it appears that he could

determine heights by it generally to ro or

15 feet, and that the error feldom, if ever,

amounted to double that quantity. This valuable

degree of exadtnefs he has obtained principally

by detecting the faults of the common barometer,

and, in confequence, improving the construc-

tion of it j and by introducing the ufe of the

mercurial thermometer, to accompany that of

the barometer. The principal faults, which
he found in the common barometers, arofe from

2 the
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the repulfion of the quickfilver by the glafs

tube, from air and moifture admitted into the

tube, and from the variations of the denfity of

quickfilver by heat and cold ; another very con-

fiderable error arofe, in calculating heights from
the barometer, by not allowing for the changes

of the denfity of the air, whole gravity affords

us this meafure of heights, owing to heat and

cold. The firft caufe of error, that of the repul-

fion of the tubes, he remedied, by fubftituting a

fyphon-barometer infiead of the fimple upright

tube, the repulfion of the two legs of the fyphon,

counteracting itfelf;' the error arifing from air and

moifture in the tube he cured by boiling the quick-

filver, after it was put into the' tube, and other

precautions; the errors, in the eftimatton of the

heights, arifing from the changes of the denfity

of the quickfilver, and denfity of the air by heat

and cold, he fliews how to correct by allowances

depending on two thermometers, one attached

to the frame of the barometer itfelf, and the other

made to be expofed to the open air, to Ihew its

degree of heat ; which thermometers are to be

noted both at the top and bottom of the hill.

Laftly, by a great number of experiments made
with accurate barometers and thermometers of h s

own conftrudtion, he has deduced a rule for cal-

culating heights of places ; the exaCtnefs of which

he has fufficiently proved by a large table of ex-

periments. But this rule is exprefled in French

meafure, and is adapted either to a thermometer,

whofe f reezing point is o, and that of boiling water

80, or to thermometers of particular fcales. It

may
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may be therefore ufeful, to reduce M. de luc’s

rule to Englifh meafure, and to adapt it to the

thermometer of Fahrenheit’s fcale, which is gene-

rally ufed in this country.

M. de luc, in the winter feafon, heated the

air of his room to as great degree as he could, and

noted the rife of the barometer, owing to the di-

minution of its denfity, or fpecific gravity, by heat j

he alfo noted the height of the thermometer,

both before and after the room was heated. Hence
he deduced a rule, that when the barometer is at

27 French inches, which was the cafe in this experi-

ment, an increafe of heat, from freezing to that

of boiling water, will raife the barometer 6 lines,

or -J-th part of the whole. It is eafy to fee, that

when the barometer is higher than 2 7 French inches,

this variation will increafe in the fame proportion ;

or will be always th of the heighth of the ba-

rometer; therefore, if the height of the barometer

be called B, the rife of the barometer, for an in-

creafe of heat from freezing to boiling water, will

jg

be — ; and, as it will be lefs for a lefs difference
5 +

of heat, therefore, if the number of degrees,

marked on the thermometer, between freezing and

boiling water, be called K, and the rife of the

thermometer from any given point be called H,
the correfpondent rife of the barometer will be

B H— x j7> by the increafe of heat from the given

point by the number of degrees H. If the heat,

inftead of increafing, \Vas to decreafe, then H
would
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would fignify fo many degrees decreafe of heat,

and the barometer would fink by — v The

fixt temperature of heat, to which M. de luc
thought beft to reduce his obfervations of the ba-
rometer, is i-th of the interval from freezing to

boiling water above the former point : and if the

thermometer was higher than this degree, he
B H

fubftra&ed — X ^ 5 if it was lower, he added it
54

to the obferved height of the barometer ; and

thus he obtained the exadl height of the barome-
ter, fuch as it would have been, if the denfity of

its quickiilver had been the fame as anfwers to

the fixt degree of temperature. He thus correc-

ted the height of both his barometers (that at the

bottom, and that at the top of the hill) for the

particular degree of heat, indicated by a thermo-

meter attached to the barometer, at each ftation

;

for it might and would commonly happen, that

the degree of heat would be different at the two
flations. The heights of the barometers, thus

corredted, were what he made ufe of in his fub-

fequent calculations. Calling thefe two altitudes

of the barometer B and b
,

putting log. B and

log. b , for the logarithms of B, and b, taking

only the four firft places of figures, after the charac-

teriftic, or confidering the remaining figures as

decimals, and putting C for the mean height of

a thermometer, expofed to the air at top and bot-

tom of the hill, the freezing point being o, and

the point of boiling water at 8o, he finds, by his

experiments, that the height of the hill will be

given in French toifes, when C is i6f, by

Vol. LXIV. " Y Amply
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limply taking the difference of the logarithms of
the heights of the barometer, or will be equal

to log. B — log. b ; and in any other degree of
heat, will be greater or lefs, in proportion as

the rarity of the air is greater or lefs, than in

the fixt temperature ; or greater or lefs by --jth
part of the whole, for every degree of the ther-

mometer reckoned from the fixt temperature i6|;
and confequently the height of the place will be

expreffed generally in French toifes, by thisformula

log. B — log. b -{- log. B — log. b x
—

~

5

' 6
-

— log. B— log. b x i -f-

c— lbj

215
To reduce this

formula to Englifh meafure, and to the fcale of
Fahrenheit’s thermometer, we Ihould firft premife

fome particulars. The French foot is to the Eng-
lifh foot, as 1,06575 t0 as was fotmd by a very

accurate experiment: fee Phil. Tranf. Vol. LVIII.

for 1768, p. 326; and it is well known, that the

point of freezing, on Fahrenheit’s thermometer, is

at 3.2, and that of boiling water at 212, or the

interval between them 180 degrees. But M. de
luc’s point of boiling water 80, was marked when
the barometer was at 27 French inches; and it is

the cuftom of our principal Englifh workmen to

mark the point of boiling water, 212, on Fahrenheit’s

thermometer, when the barometer hands at 30
inches, which is equal to 28 inches, 1,8 lines French
meafure; or 1 3,8 lines higher than M.de luc’s baro-

meter, when he let off the point of boiling water

on his thermometers ; and it is well known, that the.

heat of boiling water varies with the weight of

the atmofphere : M. de luc finds, by his experi-

ments.
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ments, this rule, that an increafe of I line in the

height of the barometer, raifes the quickfilver

of the thermometer, placed in boiling water, by

TT
‘

TTth part of the interval between the freezing

point and that of boiling water : he afterwards

indeed found, that this rule would not anfwer for

fuch large variations of the barometer, as take place

in afcending to very great heights above the earth’s

fnrface ; vid. JLJfai fur les variations du chal: de

I'eau bouill: but it is accurate enough for any
fmall variation of the barometer, on one fide or

other of its mean height in thefe lowed: regions of

the atmofphere. The change therefore of the boiling

point on Fahrenheit’s fcale, for a change of i line

in the barometer, will be — 0,16 ; therefore

13.8 lines will caufe 0,16x13,8 = 2,2 degrees of

Fahrenheit’s fcale ; and a thermometer, whofe point

of boiling water was marked 212, when the ba-

rometer flood at 30 Englifh inches=28 inches,

1.8 lines French meafure, will, when the barome-
ter defcends to 27 French inches, fink 2,2 degrees

ill boiling water, or to 209,8, or in round num-
bers to 210 degrees, which is diftant only 178
from 32, the point of freezing. Hence an ex-

tent of 8o° of M. de luc’s thermometer anfwers

to an extent of 178 of our Fahrenheit’s thermome-
ter ; and putting F for the degrees of this thermo-
meter, correfponding to C of M. de luc’s, we (hall

have C : F— 32 :: 80 : 178, and C=F— 32 x TW
which fubflituted in M. de luc’s formula

,
gives

log. B — log. b X 1 + =
= log. B — log. hi+-

Y 2

— 32*rnr

215
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=Iog. B -log. F—32— -yj .6,75

= log. B — log. b X 1 + ^
-
8

~
8
37 ’27 =

f — 69.27

478,38
Where the~ Jog. B— log. b X 1 -f-

anfwer will dill come out in French toifes, though
adapted to Fahrenheit’s thermometer. To bring it

out in Englifh fathom (or meafure of 6 feet) multi-

ply the above expreffion by 1,06575, and we dial!

have iogTB — log. b X i + 1 x ’>o6 S7S

= log. B — log. b x 409,11 + F x =s

= log. B— log. b x or in round numbers
448,87

= log. B — log. b X
409 +- F

449
________ _p A Q— log. B — log. b x 1 4- —

j which will
449

exprefs the height between the two dations in

Englifh fathom.

In the foregoing expredions, B and b, as has

been mentioned before, fignify heights of the ba-

rometer, at the lower and higher ftations, both

corrected according to Mr. de luc’s directions,,

for the difference of heat between a fixed tempera-

ture, (namely -i.th of the interval between freezing

and boiling water), and the prefent heat, indicated

by the thermometer attached to the barometer at

each ftation ; but it is not neceflary, to correct

both barometers for the effeCt of heat, but only one

for the difference of heat of the twoj which will

be more convenient alfo on another account, be-

cause the difference of heat, at the two ffations*

will
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will be generally final], and the correction to re-

duce one barometer to the heat of the other will

confeq'uentiy be fmall alfo; whereas the difference

of the prefent heat, and the fixt temperature, and
confequently the correction of both barometers,

may be frequently very confiderable : this is

evident : becaufe if the heat of the barometers, at

both ftations, was the fame, however different from
the fixt temperature chofen by M. de luc, no
correction would be neceffary ; the mercury in the

barometer in both ftations, being expanded in the

fame proportion, and confequently the difference

of the logarithms of its height, at both ftations,

being the fame, as if the heat of both barometers had
agreed with that of the fixt temperature. I fhall now
therefore fuppofe the upper barometer is to be

corrected, to reduce it to the temperature of the

lower one, and that b fignifies the height of this ba-

rometer, as obferved, and not yet corrected y the

correction, from what has been faid above, calling D
the difference of height of the thermometer attach-

ed to the barometer at the two ftations, will be

4_ according as the thermometer ftands.— 54 ^ &

higheft at the lower or upper ftation ; and the

upper barometer corrected, inftead of by will be

b 4. —— ,
which fubftituted in the formula, gives— 54 ^

log. B - log.(4^X1 +^4 But the cor-

reCtion, on account of the difference of heat of the

barometer at the two ftations, may be reduced to

a ftill eafier expreffion, in which the variable

quantity b
}

the height of the /upper barometer,

fhall
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fhall not appear. The fluxion of a logarithm is to

the fluxion of its natural number, as the modulus of

the fyftem to the natural number ; and 4343 is the

modulus of the common logarithms, when the four

places, next following the chara&eriftic, are taken as

whole numbers, inftead of decimals, which is meant
to be done in the ufe of the foregoing formula.

D b
Therefore being very fmall with refpedt to b ,

we (hall have, variation of log. b : variation of b

(= —y) •• 4343 : ^ very nearly, and thence va-

riation of log. 6 = + || x^ = ± **£.
Which (putting K= 178)

—
-f- 0,452 D. Hence

log. {b 4- — log. b 4- 0,452 D; which

being fubftituted in the formula above, will give

the difference of height, of the two ftations, in

Englilh fathom, in a more convenient expreflion.

namely log. B— log. b + 0,452 D x 1
_

44g

4
*

where the upper fign, — , is to be ufed, when the

thermometer of the barometer is higheft at the

lower ftation, and the lower fign, -f-> is to be ufed,

when the faid thermometer is loweft at the lower
ftation. The firft cafe will be moft common j efpe-

cially where the difference of height of the two
ftations is confiderable. It Ihould alfo be obferved,

that when F, the height of Fahrenheit’s thermo-

meter, is lefs than 40°, -f.

-40

449
becoming nega-

tive or fubftra&ive, muff: be applied in the calcu-

lation accordingly.

It
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It may perhaps be convenient to repeat here the

meaning of the algebraic terms, ufed in the fore-

going formula ,
that any perfon may make ufe of it,

without having occafion to recur to the foregoing

inveftigation. B fignifies the obferved altitude of

the barometer at the lower ftation, and b that at

the upper ftation ; Log. B and Log. b, fignify their

logarithms taken out of the common tables, by

affuming the four firft figures next following the

charadleriftic as whole numbers, and confidering the

three remaining figures, to the right hand, as deci-

mals; D fignifies the difference of height of Fahren-

heit’s thermometer, attached to the barometer at

the top and bottom of the hill; and F fignifies the

mean of the two heights of Fahrenheit’s thermome-
ter, expofed freely for a few minutes to the open air

in the fbade, at the top and bottom of the hill.

The formula , for the meafure of heights, may
alfo be changed, and adapted to thermometers of

particular fcales, for the convenience of calcula-

tion, as M. de luc has done; but thefe fcales

will be different from his. The thermometer, at-

tached to the barometer, had better be divided

with the interval between freezing and boiling

water, confiding of 81,4 degrees (=180X5452)
the freezing point may be marked o, and the

point of boiling water will be 81,4; for then, if

the difference of height of this thermometer, at

the two ffations, be called d* we fhall have d—

,

0,452 x D. for d

:

D :: 81,4 : 180:: 0,452 : 1, and

the number of degrees expreft by d, will fhew
immediately the correction for the difference of

heat of the two barometers. If the thermometer,

defigned to ftiew the temperature of the air, be

divided.
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divided with the interval between freezing and
boiling water= 200, and the freezing point be
marked— 9, and the boiling point

-f- 19 r, and the

heights of this thermometer, at the two Nations,

be called G and I, we fhall have — — - -
+ 1

449 2X500

= For F—40—F—32—8, is the height

of Fahrenheit’s thermometer, reckoned from 8 de-

grees above freezing, and 449 : 500 ;; 180 : 200 ;;

P*
, 0 g

8 : 9, and the fraction hi— if both the nu-
449

merator and denominator be increafed in the ratio

of 449 to 500, will become — f-TT
x

_F- 32 |9|-,_ n + l _G + I
becaufe G+J

500 2X5OO IOOO 2

JF— 22 X Therefore, if the thermometer

of the barometer has the freezing pointmarked o,

and the point of boiling water 81,4, and the dif-

ference of its height, at the two (lations, be called

d\ and the thermometer for meafuring the tem-
perature of the air, be divided with the interval

of 200 between the freezing point and that of

boiling water, and the firft be marked — 9, and

the latter -f- 19 1, and the degrees, fhewn by this,

at the two ilations, be called G and I ; the formula,

that will give the height of the upper ftation

above the lower one, in Englifh fathoms, will

be log. B — log. b d x 1 > which

confequently multiplied by 6, will give the height

in Englifh feet. It is to be obferved, as before,

that— d or -4- d is to be ufed, according as the

thermometer, attached to the barometer, is higheft

7 at
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at the lower or upper ftation ; and if G and I

fhould happen to fall below o of the fcale, or to

be fubftraCtive, they mult be applied accordingly

in the calculation.

I fhall now add nothing more, but to give the

rule for finding heights by the barometer, accord-

ing to the formula delivered above, in common
language; firft, as adapted to Fahrenheit’s ther-

mometer, and next, as adapted to the two ther-

mometers of particular fcales. Take the differ-

ence of the tabular logarithms of the obferved

heights of the barometer, at the two fixations,

.confidering the 4 firft figures, exclufive of the

index, as whole numbers, and the three remain-

ing figures to the right as decimals, and fub-

ftraCt or add of the difference of the alti-

tude of the Fahrenheit’s thermometer, attached to

the barometer at the two ftations, according as it

was h igheft at the lower or upper ftation ; thus you
will have the height of the upper ftation above the

lower, in Englifh fathom, nearly ; to be corrected,

as follows : make this proportion; as 449 is to the

difference of the mean altitude of Fahrenheit’s

thermometer, expofed to the air at the two fta-

tions, from 40°, fo is the height of the upper

ftation found nearly, to the correction of the fame;

which added or fubftraCted, according as the mean
altitude of Fahrenheit’s thermometer was higher

or lower than 40°, will give the true height of

the upper ftation above the lower, in Englifh fa-

thoms ; and multiplied by 6, will give it in Eng-
lifh feet.

The fame rule, adapted to the thermometers of

particular fcales, is this :

Vol. EXIV. Z Take
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Take the difference of the tabular logarithms

of the obferved heights of the barometer, at the

two Nations, confidering the 4 fir ft figures (ex-

clufive of the index) as whole numbers, and the

three remaining figures to the right as decimals

;

and fubftradt or add the difference of the ther-

mometer, of a particular fcale, attached to the

barometer, at the two ftations, according as it

was higheft at the lower or upper ftation, and

you will have the height of the upper ftation

above the lower one, in Englifti fathom, nearly j

to be corrected as follows : make this propor-

tion ; as 1000 is to the fum of the altitudes of

the thermometer of a particular fcale, expofed to

the air at both ftations, fo is the height of the

upper ftation above the lower, found nearly, to the

corre&ion of the fame; which added or fubftradled,

according as the fum of the altitudes of the ther-

mometers, expofed to the air, is pofitive or ne-

gative, will give the true height of the upper fta-

tion above the lower in Englifh fathoms j
and

multiplied by 6,
will give it in Englifh feet.

NEVIL MASKELYNE,

XXI. A
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XXL A Letter to the AJlronomer Royal,

from Samuel Holland, Lfq- Surveyor

General of Lands for the Northern Dif~

triSl of America, containing fo?ne Kclipfes

of J upiter’s Satellites
, ohferved near

Quebec.

Kittery, Pifcataqua River, Oct. i8, 1770.

S I R,
Redde, Jan. 20,1" Would have taken the liberty, of

1774
‘ JL troubling veu with a letter be-

fore I left Quebec
; but being in hopes of making

feme obfervations at my arrival here, to join with

thofe I now inclofe, made at Quebec fince I had
the honor of tranfmitting to you my laft, I deferred

it till now, and am forry to inform you, I have had
no fuccefs with Jupiter’s fatellites, and muft wait till

after the conjunction of that planet with the Sun ;

when I fhall ufe all my endeavours, to fupply my
Ioffes that way, this feafon, through the badnefs of

the weather, my travels, and the lurvey.

Agreeable to your defire, I have here inclofed, Mr.
Sproule’s obfervations, made at gas pee,with thefteps

he took relative thereto (which, I hope, will enable

you to determine the longitude of his place of obfer-

vation) with thofe of mine made at St. John’s ifland,

and Quebec, which will be of great fervice to the

bufinefs I have the honour to be entrufted with.

Z 2 I have
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I have now materials for forming a general map
cf our furveys of the gulph and river St. Lawrence,
and with the affiflance of Mr. Defbarre’s furveys,

employed -by the Admiralty, I fball be able to bring

my map as far as cape sable, the Southweft point

of the peninfula of nova scotia.
Mr. Wright is furveying the N.E. part of that

province, and will be obliged to winter in thofe parts.

Mr. Spronle is now employed in furveying casco

bav, and from thence continues his operations to-

wards the bay of fundy; while I am bufy in de-

fining this harbor, river, and the fea coaft, from-

cape Elizabeth to cape anne, where Mr.Wright

vvfll begin next fpring, on his return from the

Gulph of St. Lawrence ; fo that I hope to complete

the furvev of the Northern diftridt in a few years

more
;
when I {hall reduce our work to general

maps and charts, with the exadt latitudes, and, with

your affiftance, the longitudes alfo, determined from

our oblervations,. compared with yours.

Our furvey of places and harbors of note, is by. a

fcale of 2ooo- feet to an inch, and the other parts by

4000 ;
after which it is reduced to a fcale of two

ftatute miies to- an inch, or better than 8 JLL. inches

to a degree of latitude. Thefe maps l purpofe

making on a globular projection, confide: log the

earth as a fphere.

A*, by the time I hope to receive your determi-

nation of the longitudes of the above places, I fha'l

be ready for compofing my firft map, 1 fhall be

greatly obliged to you for your opinion of the mod.

ufeful and exadt globular projection for a fpace con-

tained between the. 37th and 5 iiL parallels of lad-



[ >73 ]

tude, and between the 53d and 78th degrees of

longitude ; which projection may equally lerve for

the leparate maps, I may find it convenient to make
of different parts of my diftriCf, as well as of the

whole of it, which is comprehended in this fpace :

but thofe charts intended for the ufe of the navy

I fhall compofe on Wright’s or Mercator’s pro-

jection. .

Mr. Wright has had an opportunity, lad fpring,

of rectifying the latitude of the ifland of coudre,
where he obferved the tranfit of Venus, of which

he has acquainted you : I had likewife an opportu-

nity, on my way to this place, to reCtify the latitude

of St. John’s ifland, at the entrance of port joy,,

where I made my obfervations in 1765, as I had, at

that time,, no other indrument, but an adronomical

quadrant, of the old condruCtion ; which I found

to be very erroneous, when I. compared it with.

bird’s,, on its arrival at Louifburg, fome time, after--

wards: Mr. Wright and I,
,
from very careful ob--

fervations with this lad indrument, have now deter-

mined the latitude of the place, where my obferva—

tions were, made in 1765, by reducing it from Fort,-

Amherd, the place we now. obferved at,, to be

46
s

i f o" North.,

It gave me great fatisfa&ion, to have an- oppor-
tunity of examining bird’s adronomical quadrant,

,

lad year, in New- York province, in determining

the latitude of 41
0
, .

for fettling, the boundary line,

between that colony and New Jerfey, with the fame

indrument Mefh. Mafon and Dixon u fed. for deter-

mining the boundary line between Penfylvania and
Maryland.: on .this .occafiQD,., Mr.* .rittenh.quse 3...

mi
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an etteemed attronomer and ingenious mechanic of

Penfylvania, made ufe of ir, and 1
,
of bird’s; when

we never found them to differ more than 1 7
which furprized that gentleman much, to find an

inftrument, of fuch ftnall dimenfions, executed with

that accuracy, as to equal fo nearly his large zenith

infirument, which aifo is of bird’s workman fbip.

'I have found the latitude of the entrance of this

harbor to be 43” 5'' o", though it is in general laid

down in 43
0
20', and, in fame maps, 26': and for

the charts of thefe coafts, they have but little refem-

blance to what they fhould exprefs.

Plow Mefli Wright and Sproule came to ne-

gleft the equation of correfpondent altitudes, I

cannot otherwife account for, but, that they muff

have wanted tables to work by; as before they went

011 thefe obfervations, I had made ufe of M.
de la lande’s tables, and before I was matter of

his,d ufed thofe calculated by m. maraldi, which,

though not fo exadt as the former, are very near.

Mr. Sproule’s reafon for bringing his obfervations

to equal or mean time, was for convenience, as the

timepiece he had, conftrudted by mudge and dut-
ton, was eafily brought to it, and is made on the

fame principles with that time piece, I always ufe,

conftrudted by the late Mr. graham, which keeps

going for a month, and,when winding up, continues

going by a fpring.

M. st. germain, a prieft of the Roman church,

and who is ftiled, in the feminary, Leprofejfeur en phi-

lofophie, had been fome time with me, pradtiling him-

felf in the ufe of the telefcope, at Jupiter’s fatellites

;

.and, fome days before the tranfit, he was frequently

6 trying
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trying the pofition he ought to be in, when that phe-
nomenon fhould by your calculation come : I think he

perceived the contact before me, but was fearful to call

out too foon ; for he could not have taken the fignal

from me, as he was fome diftance off; and 1 did

not call out, but when 1 obferved it, gave a fignal,

byafqueeze, to a gentleman (landing near, by which .

time he called. In regard to the luminous point,

which, I think, I faw juft before the contact, I am
at a lofs to account for it ; unlefs fcmething may be

urged, from my not having that part of the Sun’s

dilc exactly in the middle of the field of my te-

lefcope.

Your favor, diredted to me at Portfmouth in -

New Hampfhire, I fhall receive with .the greatefl

regard. I am,

SIR,

Your mod obedient humble fervant.

SAMUEL HOLLANDS

ECLIPSES
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eclipses of jupiter’s satellites,

obferved by me, at my houfe, bearing South 36°

Weft from Quebec, diftance from the caftle of

st. lewis 2| miles, with dollond’s long re-

fra&ing telefcope.

1770.

Apr. 19

May 1

14

21

24
;

Mean time,

h r n

H 5

12 42
12 5

13 4 i

12 52

21 immerfion of the 2d

32 lft

30 2d

3
20

not exatt to 4" thro’ the thick-

nefs of the atmofphere.

O 2d

jft

XXII. Ob-

fatellite.
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XXII. Obfervations of the Immerfons and
Emerftons of the Satellites of Jupiter,

taken in the Tear 1768, by Enfign
George Sproule, of his Majefly s $C)th

Regiment, on the South Point of the

Entrance of Gafpee Bafon, which bears

from Cape Ferrilong, or the Capeforming
the Bay to the Northward

, N. 68? TV.

by the true Meridian
, difant 1 2 1 Ma-

rine Miles. Communicated by the Afro-
nomer RoyaL

Redde, Jan. H E obfervations were made with
I774

' JL Mr* short’s reflecting telefcope,

and the times fhewn by a pendulum time-piece,

made by Meffieurs mudge and dutton, firft ad-

jufled to equal or mean time, by obferving the

paffage of Sirius through a gun barrel fixed in the

plane of the meridian, with a contraction made in

the bore of the barrel ; and then proved, in its going,

by correfponding and fingle altitudes, taken with

hadley’s quadrant, as often as the weather would
permit, by reflection from clear oil, placed in a

room with two windows j one to the S.E. and
Vol, LXIV. A a the
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the other nearly SAV. adjacent to where the clock

flood. The windows being high, and the Sun hav-

ing no great altitude, during the time the obierva-

tions were made, the oil was therefore placed at fuch

a diftance, from the windov/s, that no wind could

get at it to diflurb it. There was alfo every precau-

tion ufed to render it as ftill as poflible, by fixing a

fhed to windward without the windows.

The method I ufed, in taking all my correfponding

altitudes, was firft to fcrew the index to a certain

altitude; then, for the morning obfervations, I firft

noted, when the upper limb* by reflection, touched

the lower limb in the oil ; fecondly, when the centers

coincided, by obferving an equal coincidence in both

images; and laftly, when the Sun’s lower limb, by

reflection, touched the upper in the oil. In the af-

ternoon, I obferved the Sun’s falling, netting each

contact correfponding to that in the forenoon. I al-

ways made it a rule to take a large number, that I

might reject thole, where the oil fullered the lead

agitation,

The clock was fixed to an upright fleady poft, in

a warm room, kept as temperate as poflible, by en-

creafing or diminifhing a large wood fire oppofite

the clock.

Notwithflanding every precaution, the intenfenefs

of the cold was fo great, that it frequently flopped

the clock, by which 1 loft many obfervations during

the months of January and February.

The following obfervations were made, when it

was proved to go, at an equal rate, feme days before

and after.

1

f

The
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The telefcope and quadrant were the fame Mr#
Wright ufed on the ifland of Anticofti.

The ephemeris ufed was that of Mr. de la
'CAille, calculated for ten years to the meridian of

Paris.

The telefcope I had fixed on a fieady ftand with-

out doors, near the room where the clock flood,

and the time counted by a very careful perfon, with

another to overlook him
:

great care was alfo taken

of the quadrant, that it fhould not alter its adjuft-

ment between the morning and evening altitudes.

The latitude of the place of obfervation, at

gaspee, I determined, as accurately as poffible, by
feveral meridian altitudes of the Sun, taken in an

artificial horizon, with the aforementioned qua-

drant ; the error of adjuftnrent being moft ac-

curately obtained by different methods. The mean
refultof the whole (15 of which agreed one with the

other to 6 or 7 feconds) 1 found to be 48° 47' 32".

The variation of the needle, by repeated trials dif-

ferent ways, I found 1 6° 30 Weft; one of the

meridian altitudes 1 infert, to fhew the method 1 ufed.

A a z 1 5th May,
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15th May, 1768, double angle of

meridian altitude of the Sun’s

per limb.

Error of adjuftment of quadrant to

the left.

Semi-diameter fubt.

App. alt. of center.

Refraction,

—
- 90 Sun’s zenith diftance =

Sun’s decl. reduced to the merid

of obfervation

Lat. of the S. Point of Gafpee Bafon, 48 47 30

GEORGE SPROULE.

}
•

//

f I 2 I IO 0

}
• O 35

I 2 I 9 2 5

), 60 34 4 2 l

5 1

60 18

3 1

60 18 20

29 41 40

)
l 9 5 5°

*
i. e. The © ’s declination, at the time of his pafling the

obfeiver’s meridian, computed from tables adapted to another

meridian, according to the known or fuppofed longitude of one

meridian from the other. S. Horsley.

Mr.
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Mr. Sproule, in reducing the time of his clock, having negleded the

equation of equal altitudes, it <was necejfary to re-compute the corredions ;

.

and here follow the immcrfions and errerfions of Jupiter's fatellites, reduced

to apparent time, from the original obfervations, due allowance being made,

for the equation of equal altitudes, by the Afronomer Royal.

1768 h / //

Jan. 29. Im. 1. *3 57 47
Mar. 15. Im. i._ i'4 21 14

16. Im. 2. I T 59 7
Im. 3. 3 ° 10

t

April 9. Em. T. n 18 26

10. Em. 2. 1

1

38 s

i

25. Em. 1. 9 39 40J

l

May 9. Em. 1. 13 3 ° 54
L2. Em. 2. 11 J 5 43

Apparent Time..

N. B. In thefe two emer-
sions, the fatellites

feemed to emerge
flowly out of the fha-

dow.
This is the bell ob-

servation, the Satellite

ftarting out inftan-

taneoufly.

XXIII. JJlro-
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XXIII. AJlronomical Obfervations made by

Samuel Holland Efquire,
His Majejly s

Surveyor General of Landsfor the Nor-
thern DiftriSl of North America

,
for

afcertaining the Longitude of feveral

Places in the faid DdfriEl, Communi-
cated by the Afrotiomer Royal.

Reekie, Jan. 20, 1774.

kittery point, in the province of main, in

piscataqaja harbour.

fby refult of repeated obfervations,
3

Latitude 1 of o and fixed *’s, made with > 43° g 2^" N".
f bird’s aftronomical quadrant, J

Obferved, with dollond’s 12 feet refracting telefcope.

Immerfion and Emerfions of U ’3 fatellites as follow,

Apparent time.

I77I h ' "

April nth, an immerfion of the ift, at 15 43 30
27th, fame fame 14 1 43

May 4th, fame fame, 15 55 54
The variation of the compass at this place,

is 7
0
46' Weft.

Portsmouth,
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Portsmouth, province of new Hampshire.

Obferved, with dollond’s 12 feet rerraCHrrg telefcope.

Immerfions and Emerfions- of "4 ’s fatellites as follow,
Apparent time.-

Sept. 6tb, an emerfion of the 2d, at it 9 20

18th, fame 1 ft. 9 42 35
Q<ft. 1 rth, fame fame-, 5 4
Nov. 3d, fame fame. 10 23 54

9th, fame 2d, 10 5 1 39
1 2th, ftme 1 ft. 6 48 1

1 9th, fame fame, 8 42 44
23d, immerged entirely, 3d 6 8 6

fame, began to emerge, fame. 9 28 14
Dec. 4th, an emerfion. 2d, 7 50 0

5th, fame, 1 ft. 6 57 44
The variation of the compass at this place

- fey* 4ft
7 Weft;

All thtfe obfervations were made by time kept’

H graham’s time-piece, with a gridiron pendu-

lum, rectified occafionally by equal altitudes of the

Sun, corrected agreeably to the tables of M. de
la lande, for the alteration of the declination in

the intervals of correfponding obfervations;

SAMUEL HOLLAND.

* This fatellite in emerging!, was in conjunction with 1 ano-

ther, which occafioned fuch a deception as to render this ohfer*

vation uncertain about 20 feconas Loner than what is marked
here.

XXIV. Gbfir-
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XXIV. Obfervations of Rclipfes of Jupi-
ter’s firfi Satellite made at the Royal Ob-

fervatory at Greenwich, compared with

Obfervations of thefame ,
made by Samuel

Holland Efquire, Surveyor General of
Landsfor the Northern DifriSl ofAme-
rica, and others of his Party

, in feveral

Parts of North America, and the Lon-
gitudes of the places thence deduced

,
by

the Aflronomer RqyaL

At the ISLAND OF ST. JOHN At GREENWICH.

Length Apparent iDiff, OiT

Mean time. ot telef- time.
DA w from (

cope. J 9 Wich, e

h / // Feet h t "
Ft. h

1765 Jan. 27. Em. 1. 9 36 3 1 10 Feb. 19. 13 46 42 6
Very good ob-

fervation. 4 i

At LOUISBOURG.

1766 Mar. 10. Em. x. IX 21 27 2 & 10 March £. 7 43 55 6 4
Apr. 25. Em. 1. 11 46 50 2 & 10 April 1 1

.

11 56 30 6 4
*767 Feb. 27. Im. 1. 8 10 17 .10 [Feb. 27. 11 57 7 6 3 J

Mar. 15. Im. x. 8 41 19 10 March 22. 14 28 48 6 3 .

April 7. Em. 1. 8 53 n 10 April 9. 7 20 1 6 3
j April 14. Em. x. 10 47 44 10 April 14. 14 47 52 6 4

1

c
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of the Bay of caspke.

Apparent
time.

h t tt

1768 Jan. 29.
(April 25.

May 9.

fm. 1.

Em. 1.

Em. i.{

*3 57 47
9 39 40
•3 30 54

-S —'

At GREENWICH.

Apparent
time. S

mS
0

Diff. of merid.
from Green,
wich, Weft.

Jan. 22.

April 25.

I
May 11.

h 1 ft

16 24 !2§
r 3 57 19
12 16 46

|F

6

6

Air very dear.

h t ft

4 * 7 56
4 17 59
4 17 3*

Mar. 2g.

April 12.

fune 8. _

Mar. 16.

12 25 7

16 16 8

9 40 56

17 2 47

2

2

6

6

4 44 57
4 44 28

4 44 4 1

4 44 42

4 45

I fuppofe the error of the times computed in
the Nautical Almanac in 1771, when the
weather allowed me to oblerve no im
merlions of this fatellite, to be a mean be-
tween the errors in 1770 and 1772. 4 42 58

-*r~1

Sept. 27.

oa. 13.

oa. 20
Nov. 14.

10 52 43 1
9 17 4

11 14 18

S 59 28

3l

35

3l

Air very clear.

Air clear.

Air clear.

Air clear.

4 43 2

4 42 40
4 4 2 5*

4 42 59

mull ands house, bearing
S. 56 W. from Quebec, diftant from
caftle of st. lewis 2} miles.

*769 Mar. 11.

April 3.

April 19.

Juue 6.

*770 May 1.

fm. 1 .

lm. 1.

fm. 1.

£m. 1.

fm. 1.

Mean time.

i$ o 45
15 10 i.2

13 26 27
10 26 22

12 42 32

withy point, in the provmci
main, in piscataqua Harbour.

1771 April ir.

April 27.
May 4.

fm. 1.

Im.*i.

Im. 1.

Apparent
time.

*5 43 30
>4 1 43
l S 55 54

At Portsmouth, in the Province of new
HAMPSHIRE.

772 Sept. 18.

oa. n.
Nov. 3.

Nov. 12.

Em. 1.

Em. 1.

Em. 1.

Em. 1.

9 +2 35
10 5 4
10 23 54
6 48 1

Vol. LXIV, B b The
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The obfervations here referred to, made by Capt.

Holland and others of his party, are to be found in

Philofophical Tran factions, Vol. LVIII. for the year

1768, and Vol. LIX. for 1769, and other papers.

Tent to me from Capt. Holland, which I have' the

honour of prefenting to the Royal Society, together

with this paper.

I have re-computed the times of Enfign sproulB’s

©bfervations made at gasped bay, applying the equa-

tion of correfponding altitudes, which he had neg-

lected ; and have annexed them, to his account of

his obfervations, tranfmitted to me by Capt. Hol-
land.

It appears, that the obfervations of Capt. Hol-

land, and his .party, were fometimes made with a

two feet refleCtor of short’s confhuCtion, and

fometimes with: an achromatic telefcope of dollond
of io, and at other times, one of 12 feet. The
obfervations at the royal observatory were alfo

made with different telefcopes, at different times

;

fometimes with a two feet refleCtor of short’s con-

fhuCfion ; fometimes with a treble object glafs ;te-

lefcope of dollond, of 31 feet; but oftener

with a 6 feet refleCtor,. of short’s confhuCtion.

Thefe circumflances are always noted againfl the

obfervations: I have only made ufe of the obferva-

tions of the fir ft fateliite, as being much moret-exaCt

than thofe of the others.

1 reckon, that the 6-feet refleCtor fhews an immer-

iion of the fir ft fotellite of Jupiter later, and an emer-

fion fooner, by 20 //

,
than a 2-feet refleCtor ;

or by

13", than a 3 f- feet treble objeCt glafs refraCtor, or

a 10 or 12-feet double objeCt glafs refraCtor of dol-
. , L ON Do.
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l o,n d. Thefe allowances were accordingly made
in deducing all the differences of meridians ex^'.

preffed in the laff. column of the foregoing table.

The obfervations made at Greenwich, oppofed tor

,

thqfe made in north America, are either corre--.-

lpondingones, which however is very feldom the cafev ,

or elfe. the neareft to them that were obferved. The l <

error of the computed time of the eclipfe in the ^

Nautical Almanac was faund.by- the neareft obfer-

vation at Greenwich, and the time of the Nautical'

Almanac, thus corrected, compared with the time*

obferved in Nor»th America, gave the difference off

meridians between the-p'ace and Greenwich
;

farther

redu&ion being firft made for the difference of
teiefcopes, if neceffary, in the manner already ex-.,

plained. It is however to be underftood, that, in

this way of deducing the difference of meridians,

by comparing an eclipfe obferved at Greenwich
with another eclipfe obferved elfewhere, the inter-

val of time between the two eclipfes ought to be

very fhort $ otherwife it cannot be fuppofed,

that the errors of the tables fhould continue the

fame. Hence it has happened, that many of the

North American obfervations have been loft: for

this ufe, for want of obfervations near enough
to them made at Greenwich. In fome other cafes,

indeed, I have been obliged to compare together

obfervations made with a greater interval between
them than I fhould have chofen, but for fear of

lofing fome ufeful comparifons. As the preceding

table affords feveral determinations of the longitude

of moft of the places, it may be proper to point

out, how the true difference of meridians may be

B b 2 beft
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heft deduced. To take a mean of the feveral re-

sults will not be the proper method, except the

feveral obfervations had been either all immerfions, -

or all emerfions; but when both immerfions and
emerfions have been obferved, then the beft method
will be, to take a mean of all the refults given by the

immerfions, and a mean of all the refults given by
the emerfions, feparately ; the mean of thefe twcr

means will be the true difference of the meridians,,

and will be much more to be depended upon, than'

if it was deduced from immerfions or emerfions

only ; becaufe this method of comparifon removes

the conftant errors arifing.from the differences of the-

telefcopes, air, and eyes of the diftant obfervers ;

thefe caufes of error affedting the feparate refults of4

immerfions and emerfions, in contrary ways. I fhall

now only add the difference of meridians deduced

from the obfervations contained in the preceding

table, by taking, a proper mean -between the feveral

ie£ult$o

Meridian-
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XXV. Immerfions and Emerfions of Jupi-

ter’s firf Satellite
, obferved at Jupiter’s

Inlet
,

on the Ifand of Anticofti, North
America, by Mr. Thomas Wright,

Deputy Surveyor General of -Lands for
the Northern DifriSl of America

;
and

the Longitude of the PJace
,
deduced from

Comparifon with Obfervations made at

the Royal Obfervato'ry at Greenwich,: by

the Afrronomer Royal,

Redde,Jan. 20,^1”^ HE S E obfervations were com-
» 774 * munieated to me feme years ago

by Mr. wright. They were made, as he informed

me, at jupiter’s inlet, two leagues to the weft-

ward of the fouth-weft point of the iflap.d of Anti-
costi, fttuated at the entrance of the river st. Lau-
rence, in latitude 49

0 26" North, with a two-feet

reflecting telefcope of the late Mr. shor r’s confer uc-

tion. The pendulum clock, made ufe of, vibrated

half-feconds, and was regulated by equal altitudes of

the fun, taken by reflection, from the furface of a

fluid, with a hadley’s fextant of 18 inches radius,

having a brafs arch and index, and ivory vernier,

made by Meflieurs heath and wing.

In
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In computing, the going of his. clock from the

c'orrefponding altitudes of the fun, Mr. wk._i-.ght

had neglected to apply the equation of the middle

time, owing to the change of the Sun’s declination

between the morning and afternoon obfervations,

commonly called the equation of correfponding

altitudes. —I have therefore made the proper al-

lowance on this account, in computing the appa-

rent time, on fuppofition, that the interval of time

between the morning and afternoon obfervations was
always four hours ; Mr. wright having informed

me, it was always from three to five hours whence
the equation may be allowed certainly within a

fecond. :

Mr. wright’s obfervations of the eclipfes

of Jupiter ’s firft fatellite, thus :orredfed
,

are as fol-

lows :

Time at Greenwich Difference of me--
Apparent time per Naut. Almanac ridians. .

i 7 6j
Im.

h
’
// h / // h / ft

Jan. } 7 % 14 5° 27 1 9 5 2 9 4 2’

Feb. 2.
_

Im. 1 3 2 21 1 7 *7 53 4 *5 3 2

1 8. Im. 1

1

19 0 '5 34 H 4 *5 14.

Mar.
2 5 * Im. '3 *3 46 1 7 2 9 16 4 1 5 3 °
29 * Em. 1

2

10 59 16' 2 5 27 4 14 28
April 5 * EiYi. 1 4 7 2 3 18 22 1

1

4 14 48
-

7 - 'Em. 8 fb 19. 1

2

5 l 16 4 14 57
14. Em. to 3 2 56 I/T lVI 48 4 14 5 2

3°dEm; 8 54 J 7 l
l 3 8 59 4 14 42

The mean difference of meridians by the four

immerfions is 4
h

i §' U)\n , and by the five imrner-
fions is 4

h
14 45 1" both which ought to be cor-

rected, by the help of the neareft obfervations made
i ate
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r,at the Royal Obfervatory at Greenwich. The im-
,• merfions and emerfions obferved there, proper to

i compare with the preceding obfervations, are thefe ;

all obferved with a fix-feet reflector, which, I reckon,

fhews an immerfion of the firft fatellite zo" later*

. and an emerfion of the fame as much fooner, than

a two-feet reflecting telefcope.

1767

Obferved at Greenwich.
Apparent time.

h / n

App. time per

Naut. Almanac,

h / "

Corre&ion of Naut.
Almanac.

/ //

Jam 12. Ini. 11 41 41 II 42 8 — O 27
Feb. 27. Im. 11 57 7 II 58 6 — 0 59
Mar. 22. Em. 14 28 48 [4 28 50 — 0 2

April 9. Em. 7 20 1 7 20 23 — 0 24
14* Em. 14 47 52 14 47 48 -f- ° 4
16. Em. 916 13 9 16 55 — 0 42

3 °* Em. 13 9 10 '3 8 59 fon
May 9. Em. 9 32 26 9 33 1

2

— 0 46

The correction of the Nautical Almanac for a
fix feet refleCtor, by the mean of the two immer-
fions, is— 43", which applied to 4

h 15' 19k", the

longitude of Jupiter’s inlet found from immer-
fions, by the help of the Nautical Almanac, gives

4
h 14' 361", the difference of longitude deduced

from the immerfions. The correction of the Nau-
tical Almanac, by the mean of the fix emerfion s,

is — 16%", which applied to 4
h 14' 45!", the lon-

gitude of Jupiter’s inlet found by the emerfions, by
the help of the Nautical Almanac, gives 4

h 14 29",

the longitude deduced from the emerfions. The
mean of thefe two refults, found from the immer-
sions and emerfions feparately, is 4

h 14' 33", the

proper difference of longitude of jupiter’s inlet
west
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west of Greenwich. I have here made ho al-

lowance for the difference of power of the two-feet re-

fleCtor, ufed at Jupiter’s inlet, and the fix-feet refleCtor
?

ufed at Greenwich ; becaufe the mean is taken be-

tween the refults frfim the immerfions and emerfions i

which method includes that correction ; that is to

fay, gives the fame refult whether that correction be

made or not. From the foregoing comparifons it

fliould feem that the air is much clearer at the ifland

of anticosti than at Greenwich, which Mr.
weight confirmed to me, fince the immerfions

give the longitude only greater than the emer-
fions; which fhews that Mr. wright obferved an

immerfion only 4" fooner, and an emerfion as

much later, with a two feet refleCtor, than was

done at Greenwich in a fix feet refleCtor
;
although, in

an equally good air, this latter telefcope would have

had the advantage of the former by 20" inftead

of 4".

Vol. LX1V. C c XXVI. Extras,

l
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XXVI. ExtraB of a Letter from Mr,
Humphry Marfhall, o/Weft Bradford, in

Chefter County, Pennfylvania, to Dr,

Franklin, fe?it with Sketches cf the Solar

Spots, dated May 3, 1773.

Redde, Feb. 3, TT ITAV ING for fome time declined
I774

"

I. making any more obfervations, on

the dark fpots that appear on the Sun’s difk, I now
fend a copy of the figures, I drew of them ; which I

defire may be prefented to the Royal Society. Per-

haps fome one or more of the members may be

pleafed with them, in which cafe, I fhall not think

my labour loft. They were viewed with a retiediing

telefcope of inches, and their appearances, I

think, pretty truly delineated, both as to magnitude

and fituation. Upon the whole, I am of opinion,

that the fpots are near the Sun’s furface, if not

clofely adhering thereto, for thefe reafons ; 1 . That

their velocities are apparently greatefl near the center,

and gradually flower towards each limb. 2. That
the fhape of the fpots varies, according to their pe-

tition on the feveral parts of the Sun’s difk ;
thofe

that appear broad, and nearly round, when on the

middle, feeming, at their tirfl appearance on the

eaftern limb, but as lines
; and, as they advance to-

wards
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wards the center, grow oval, then round, and, in

their progrefs to the weftern limb, appear again as

ovals and lines. My other remarks were, that the

fpots were twelve days and an half, and about two or

three hours, in paffing ; that, though fome continued-

vifible from one limb to the other, a few would

difappear, after having been vifible feveral days
; and

others divided into parts 5 that l'carce any fpots ever

appeared beyond what may be called the polar

circles of the fun; and that the fame fpot never

appeared, a fecond time, on the eaftern limb, at lead

not in the fame form and pofrtion.

Thefigures of the fiolar fpots ,
mentioned in this letter, are Jketches with

black lead pencil, upon a very fimull ficale. They are accompanied with

Jhort notes of the fate of the weather at the time of each obfer-vation, and
fometimes the height of the thermometer is mentioned. Among thefe me-

teorological remarks, thefollowingferns the mofi extraordinary.

February 2 id, 1773, Thermometer at 3 degrees

below o at Sun-rife. This morning, had there been

a fnow on the ground, I believe it would have been

as cold as it was January 2d, 1767, when the ther-

mometer was 22 degrees below o, there being a

large fnow on the ground at that time, and none
now.

C c 2 XX V II. Account
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XXVII. Account of the Houfe-martin,
or

Martlet. In a Letter from the Rev.

Gilbert White to the Hon . Daines Bar-

rington.

DEAR SIR,

Redde, Feb. i°>~W~N obedience to your injunctions, I fir
1774

JL down t0 give you tome account of the

house-martin, or martlet: and if my mono-
graphy, of this little domefiic and familiar bird, fhould

happen to meet with your approbation, I may pro-

bably foon extend my enquiries to the reft of the

Britifh birundines, the fwaliow, the fvvift, and the

bank-martin.

A few houfe-martins begin to appear about the-

l6th of April ; ufually fome few days later than the -

fwaliow. For fome time alter they appear, the.

hirundines in general pjy no attention to the bufi-

nefts of nidification
;

but play and fport about,,

either to recruit from the fatigue of their journey,
.

if they do migrate at all 5 or elfe, that their blood

may recover its true tone and texture, after it has -

been fo long benumbed by the feverities of winter. -

About the middle of May, if the weather be fine,

the martin begins to think, in earned:, of providing

a manfion for its family. The cruft, or fhell of ,

this neft, feems to be formed of fuch dirt, as comes

moll readily to hand, and is tempered and wrought

together
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together with little bits of broken ftraws, to render

it tough and tenacious. As this bird often builds

againfta perpendicular wall, without any projecting

ledge under, it requires its utmoft efforts, to get the

firft foundation firmly fixed, fo that it may lafely

carry the fuperftruCture. On this occafion, the bird

not only clings with its claws, but partly fupports

itfelf by ftrongly inclining its tail againft the

wall, making that a Julcrum j and thus ftea-

died, it works and plaifters the materials into the

face of the brick or hone. But then, that this work

may not, while it is foft and green, pull itfelf down
by its own weight, the provident artichitedb has

prudence and forbearance enough, not to advance its

works too faff; but by building only in the morn-

ing, and by dedicating the reft of the day to food

and amufement, gives it fuffieient time to dry and

harden. About half an inch feems to be a fuffieient

layer for a day. Thus careful workmen, when they

build mud-walls, informed at fii ft perhaps by this

little bird, raife but a moderate layer -at a time, and

then defiftj leaft the work fhould become top-*

heavy, and fo be ruined by its own weight. By
this method, in about ten or twelve days, is formed

an hemifpheric ncft, with a fmall apertuie towards

the top j flrong, compact, and warm j and per-

fectly fitted for all the purpofes, for which it was

intended: but then nothing is more common than

for the houie-fparrow, as foon as the fhell is finished,

tofeize on ir, as its own, to ejeCt the owner, and

line it after its own manner.

Though fo much labour is beftowed in erecting a

manfion, yet as Nature feldom works in vain, mar-
tins
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tins will breed on, for feverai years together, in

the fame neft, where it happens to be well

fheltered, and fecure from the injuries of weather.

The fhell, or cruft, is a fort of ruftic work, full of

knobs and protuberances on the outftde : nor is the

inftde, of thole that I have examined, frr.oothed with

any exafttnefs at all; but is rendered lort and warm
and fit for incubation, by a lining of fmall fcraws,

graftes, and feathers, and, fometimes, by a lx cf

mol's, interwoven with wool. In this neft thev

tread or engender frequently, during the time of

building
;
and the hen lays from three to five eggs.

At firft when the young are hatched, and are in a

naked and helplefs condition, the parent birds, with

tender aftiduity, carry out what comes from their

young. Was it not for this affectionate clieanlinefs,

the neftlings would foon be burnt up, and deftroyed,

in their own caufiic excrement. In the quadruped

creation the fame neat precaution is made ufe of;

particularly among dogs and cats, where the dams
lick away what proceeds from their young. But, in

birds, there feems to be a particular provision, as the

dung of neftlings is enveloped in a tough kind of

jelly, and therefore is the eafier conveyed off with-

out foiling or daubing
;

yet, as Nature is cleanly in all

her ways, the young perform this office for them-

felves in a little time, bv thruftins: their tails out at

the aperture of the neft. As the young of fmall birds

prefentiy arrive at their or full growth, they

foon become impatient of confinement, and fit all

day with their heads out at the orifice, where the

dams, by clinging to the neft, fupply them with

food from morning to night.

i For
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For a time the young are fed, on the wing, by

their parents j but the feat is done by fo quick, and

almoft imperceptible, a flight, that a perfon mud
have attended very exactly to their motions, before he

would be able to perceive it. As foon as the young
are able to fhift for themfelves, the dams imme-
diately turn their thoughts to the buflnefs of a fecond

brood ;
while the firfl: flight, fhaken off and re-

jected by their nurfes, congregate in great flocks,

and are the birds that are feen cluttering and hover-

ing, on funny mornings and evenings, round towers

and fteeples, and on the roofs of churches and

houfes. Thefe congregatings ufually take place

firfl, about the firfl week in Auguft j and therefore

we may conclude, that, by that time, the fiift flight

is pretty well over.

It has been obferved, that martins ufually build to

a N. E. or N. W. afpeCt, that the heat of the Sun
may not crack and deflroy their nefls ; but infiances

are alfo remembered, where they bred for many
years, in vaft abundance, in a hot ftifled inn-yard,

againfl a wall facing to the S.W. and W. Birds in

general are wife in their choice of fltuation
; but, in

this neighbourhood, every fummer, is feen a ftrong

proof to the contrary, at an houfe without caves, in

an expofed fpot ; where fome martins build, year by
year, in the corners of the windows; but, as the

corners of thefe windows, winch face to the S.S.E.

and S.W. are too fhallow, the nefls are wafhed
down every hard rain ; and yet thefe birds drudge on
to no purpofe, from fummer to fummer, without

changing their aipeof or houfe. It is piteous to fee

them labouring and bringing dirt, when half their

neA
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neft is wafried away—“ generis lapjl farcire ruinas

Thus is inftind a mod; wonderful, but unequal fa-

culty ; in fome inftances fo much above reafon, in

other refpeds fo far below it

!

Martins love to frequent towns, efpecially if there

are great lakes and rivers at hand : nay, they even

a freed the dole air of London. And I have not

only feen them nefring in the Borough, but even in

the Strand and Fleet-ftreet ; but then it was obvious,

from the dinginefs of their afped, that their fea-

thers partook of the tilth of that footy atmofphere.

Martins are by far the lead; agile of the four fpe-

cies. Their wings and tails are fhort \ and there-

fore they are not capable of fuch furprizing Abort

turns, and quick and glancing evolutions, as the

fwallow. Accordingly they make ufe of a placid

eafy motion, leldom mounting to any great height, and

never fweeping long together over the furface of the

ground or water. They do not wander far for food,O J J

but afred fheltered diftrids over fome lake, or under

fome hanging wood, or in fome hollow vale, efpe-

cially in windy weather. They breed the lateft of

all the fwallow genus

:

in 1772 they had neftlings

on to Odober 21ft, and are never without un-

fledged young, as late as Michaelmas. As the fum-
mer declines, the congregating flocks increafe in

number daily, by the conftant accefiion of the fe-

cond broods
j

till at laid they fwarra, in myriads upon
myriads, round the villages on the Thames, darken-

ing the face of the fky, whilft they frequent the eyetts

of that river, where they They retire, for

the bulk of them, in vaid flocks together about the

beginning
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beginning of Odtober ; but have appeared of late

years, in a confiderable flight, in this neighbourhood,

for one day or two, as late as November the 3d and

6th ; after they were fuppofed to h^ve been go-ne for

more than a fortnight. They therefore withdraw

with us the iateft of any fpecies. Unlefs thefe birds

are very Short-lived indeed, or unlefs they do not

return to the diftridt where they are bred, they mull

undergo vaft devastations fome how, and feme

where ; for the birds, that return yearly, bear no

manner of proportion to the birds that retire.

Houfe-martins are distinguished from their conge-

ners , by having their legs covered, with foft downy
feathers, down to their toes. They are no fongfters

;

but twitter in a pretty inward foft manner in their

nefls : are greatly molefted in their nefts by fleas j

and annoyed by a large dipterous infedf, with nar-

row Tubulated wings, which crawls about under

their feathers, and is known by the name of hip-

pobofea hirundinis

:

a fpecies of which is familiar

to horfemen under the name of foreft-fly ; and to

fome under the name of flde-fly, as it runs. Tide-

ways like a crab, creeping under the tails and about

the groins of horfes.

Thus does all the creation prey upon one another;

and thefe birds, though infedt-eaters themfelves, are

diflrefled and tormented by infedts.

lsT

I am, dear sir, with the greateft refpedt,

Your obliged and moft obedient fervant,

GIL. WHITE.Selborne,

ov. 20, 1773.

D dVol. LXIV. XXVIII. Ex-
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XXVIII. Extra& of a Regifter of the Baro-

meter
,
'Thermometer, and Rain> at Lyndon

in Rutland, 1773, by T. Barker, Efq\
Co?nmunicated by Sir John Pringle, Bart.

P. R .

Redde, February 17, 1774.

Barometer. Thermometer. Rain*

In the houfe. Abroad.
Higheft. Loweft. Mean. High. Low.lMean. High. Low. Mean

J

Jan.
Morn.
Attern.

29.96 28.30 29.40 45l
46

33

35
4°

47

45
50

22
29

35
4°

1.131

Feb.
Morn.
Aftern. 3 °. 24 28.30 2 9 -48

4+
45

3 1 !

33

38

39

46
50

r 9 l
2 9

32

39
1.458

Mar.
Morn.
Aftern.

30.08 29.28 29-75 52

53

39 l
40

44
45

46
62

2
5 l

37

35 f

47
0.561

April
Morn.
Attern.

30.10 28.63 29.48 53
54

39 i
4°1

47
4 8 1

49
62

28

3 81

40

5 i

0.603

May Morn.
Aftern.

30.04 29.14 29.47
6of
63

45 i

47
5
r

5 2

5
61

7°
3 i

4 i

44
541

6.843

June
Morn.
Aftern.

29.86 29 03 29.53
64
65

55

55 t

5 8f

59s

61

75

46

5 2 *

53
6 3l

N 00
VO

July
Morn.
Aftern.

*9*93 29.36 Z9.66
65
69

54 59i 63

731

46
58

541
,661

1.077

Aug.
Morn.
Aftern.

29.87 2 9- 1 3
2 9 - 6 3

68J
73

57

59

62
65

61

81
48

59

55
69 l

3-379

Sept.
Morn.
Aftern.

29-73 28.77 29-39
63!
64

5 1

5 2
5 6

57 l

56|
70

363

53

49
60

2.812

Oft.
Morn. -

Aftern.
29.92 28.7

1

29.40 57

57 f

49
49 l

5 2

53

56

6o|
3 2

43

44
53

2.621

Nov.
Morn.
Aftern.

29.89 28.00 29.18 5°

5 1

37

37l

44
45

5 2

5 6i

2 3

3 1

37

4 2
3.605

Dec.
Mom.
Aftern*

29.80 28.62 29.23 45 l

46
36J

37
J

4 1 !

42
45

49

2 7 3 6|

39l
2.897

29.376

The
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The firft part of 1773 was very favourable ; the

winter was mild ; there were frofts, but no fevere ones.

The latter part of February was ftormy, and wet

;

but, from thence to the beginning of May, there

was a great deal of fine weather, dry, and a very

good feed time ; and the grain came up very friendly

:

yet the drynefs of the feafon, and feveral frofty

mornings, even till near the middle of May, made
the grafs, and other things, very backward.

The beginning of May many were apprehenfive

of a drought, and the firfl; rains were very accept-

able ;
but fo exceedingly wet a fortnight followed,

with great floods, and the fens drowned, that all

were as much tired of rain, as before they defired it,

and the crops of grain never recovered it. In the

reft of the year there were many fits of great wet,

but intermixed with fits of fair and fine. The wet
of May was beyond example at that time of year.

Juft the end of May, and almoft half June, were

pretty fine; but then c&me wet again, till the be-

ginning of July. The longeft fine feafon was the

chief part of July and Auguft , and in that time the

great crop of hay was well got, as alfo the firfl; part

of harveft; and fome rains, at times, kept things in

a growing ftate. The latter part of harveft, in Sep-

tember, was wet, but not fo bad as laft year, and
the harveft was more hindered than hurt by it. The
wheat feed-time, in the middle of October, was
good ; but mod part of the autumn was wet, efpe-

cially the latter part of October, and firft half of
November. Toward the latter part of November,
there was a fmart, but fhort, froft ; and another

longer, but more broken, the beginning of Decem-
D d 2 bei'i
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ber; and, by the middle of that month, the ground

was got confiderably drier than it had been ; but it

grew very wet again, and mifty, till three fharp fi ofty

days concluded the year.

This year was much too wet for corn j the barley

was almoft ^every where bad; the wheat and beans

looked better in the field ; but moft forts of grain,

when they came to be threfhed, this year yielded

lefs corn, than was expe&ed ; and it continues to be

dear, and is too likely to be fo, while the feafons are

io wet as they have of late years been.

XXIX. An
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XXIX. An Account of certain Receptacles

of Air, in Birds,
which communicate

with the Lungs
,

and are lodged both

among the flefloy Parts and in the hollow

Bones of thofe Animals. By John Hun*
ter, F.R. S.

Reekie, Feb. 27,y 1 H E fingular communications
1774 - which are found to fubfift, in

birds, between the cavities of the lungs, and

certain other cavities in the flefhy parts and

in the bones, being peculiar to that tribe of

animals, and having never yet been fufficiently

explained, nor perhaps attended to, either by ana-

tomifts or natural hiftorians j I imagine, that an ac-

count of them will not be unacceptable to this fociety.

It is not my prefent defign, to enter into minute

deferiptions of all the particular communications of

this fort, to be found in the diffe&ion of thefe ani-

mals; but only to mention fuch general fails, as will be

fufficient to introduce the fubjeit into natural hiftory,

and ferve to open the enquiry into the final caufe.

To make this matter more intelligible, 1 muff
previoufly give an idea of the difference, between
the particular cells in queflion, and thofe other cells

of the cellular membrane, common to all animals

;

and
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and alfo fhew wherein thofe bones which receive

air, differ from fuch as do not.

The air-cells, which are found in the foft parts of

birds, have no communication with the cavity of

the common cellular membrane of the body /ome
of them communicate immediately with one ano-

ther ; and all of them may be faid to have a com-
munication together, by means of the lungs, as

a common centre. Some of thefe are bags placed

in larger cavities, fuch as the abdomen
;

others are fo

lodged in the interfaces of parts, that they would, at

firft, appear to be the common connecting mem-
brane, as about the bread, axilla

, &c.

7 'hey are of very different fizes, juft as beft fuits

the circumftances of the particular parts, where they

are placed.

The bones which receive air are of two kinds

;

fome, as the Jlernum ,
ribs, and vertebrae, have

their internal fubftance divided into innumerable

cells ; whilft others, as the os humeri and the os fe-
moris

,
are hollowed out into one large canal, fome--

times with a few bony columns running acrofs, at

the extremities. Bones of this kind may be diftin-

guifhed from thofe that do not receive air, by feveral

marks; id, by their lefs fpecific gravity; adly, by
being lefs vafcular than the others, and therefore

whiter
;

3diy, by their containing little or no oil, and

confequently being more eafily cleaned ; and appearing

much whiter, when cleaned, than common bones;

4thiy, by having no marrow, nor a bloody, pulpy

lubflance, even in their cells; 5 th ly, by their not

being, in general, fo hard and firm as other bones

;

thofe of fome birds are fo foft, that they can be

fqueezed
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fqueezed together with the finger and thumb

:

however, the bones of the extremities have very

folid Tides. 6thly, the paffage by which the air

gets into the bones can be eafily perceived, even in

cleaned bones. Generally there are feveral holes,

placed together, near the end of the bone which is

-next the trunk of the bird ; and diflinguilhable, by

having their external edges rounded off ; which is

not the cafe with thofe holes, through which either

nerves or blood veffels pafs, into the fubftance of the

bone.

I muff next give an idea of the mechanifm of

the lungs in birds, which renders them fit for com-
municating air to the above defcribed parts. This

confifts principally in certain connexions.

It has been afferted, that birds have no diaphragm;

but this opinion muff have arifen either from a want
of obfervation, or from too confined an idea of a

diaphragm
;
for there is a pretty ffrong, but thin

and tranfparent, membrane, which covers the lower

furface of the lungs, and adheres to them ; this

membrane gives iniertion to feveral thin mufcles,

which arife from the inner furfaces of the ribs.

The life of this part is to leffen the concavity of
the lungs towards the abdomen

, at the time of in-

fpiration ; and thereby to affiff in dilating the air-

cells ; for which reafon, it is to be considered as

anlwering one main purpofe of a diaphragm.
Befides this attachment of the lungs to the dia-

phragm, they are alfo conne&ed to the ribs and
Tides of the vertebra,

Thefe adhefions are peculiar to this tribe of ani-
mals j and are of fingular ufe, or rather of abfo-

lutc
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late neceflity, in fuch lungs as thofe of birds, out of
which the air can find a paffage into other cavities;

for if the lungs were loofe in the cavity of the

thorax
, as is the cafe in all other animals, their

cells could not be expanded, either by the depreffion

of the diaphragm, or the elevation of the ribs

;

lince the air ruthing in, to fill Op the vacuum in the

cavity of the cheft, occafioned by thefe actions,

would take theflraight road from the trachea through

thofe pafTages ; and, of confequence, expand no part

of the lungs which lay out of that line, whereby
refpiration would be totally prevented

; it would be

exactly the fame cafe, as when the lungs are fo

much wounded, in other animals, as to allow of a

free paffage for the air into the cavity of the

thorax, &c.

Of the Internal openings of the lungs.

The openings in the lungs, by which they com-
municate air to the other parts, are as follow :

The membrane, or diaphragm above mentioned,

is perforated in feveral places, with pretty large

holes, which admit of a free paffage, between the

cells of the lungs and the abdomen. A communi-
cation which has frequently been noticed.

To each of thefe perforations is joined a diftindt

membranous bag, which is extremely thin and

tranfparent; it receives the air, and being after-

wards continued through the abdomen
,

gets attach-

ments to many of thofe parts with which it comes
in contadf.

5
There
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There is no occafion to defcribe here all thefc

bags, or their attachments ; it being fufficient to fay,

that they extend over the whole abdomen.

The lungs open at their anterior part, that is,

towards the fternum ,
into certain membranous cells

which lie upon the Tides of the pericardium, and

communicate with the cells of theJlernum.

The fuperior part of the lungs opens into the

large cells of a loofe net-work, through which the

trachea, oefophagus ,
and large vefiels, going from,

and coming to the heart, pafs.

When thefe cells are diftended with air, it en-

creafes the fize of that part, where they lie, very

confiderably j which, in general, is a mark of paf-

fionj as appears evidently in the turkey-cock, the

pouting-pidgeon, &c. and is extremely vifible, in

the bread of a goofe, when fhe cackles.

Thefe cells communicate with others in the

axilla

,

under the large pectoral mufcle, &c : and
thofe again with the cavity of the os humeri, by
means of fmall openings, in the hollow furface, near

the head of that bone.

The pofterior edges of the lungs, which lie on the

Tides of the fpine, and projedt backwards between
the ribs, open into the cells of the bodies of the

vertebra, thofe of the ribs, the canal of the me-

dulla fpinalis , the cells of the facrum, and other

bones of the pelvis ; from which parts the air finds

a palTage to the cavity of the thigh-bone.

This account agrees with what we find in mod
birds ; though fome have more, and fotne fewer of

thefe communications.

E eVol. LX IV. In
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In the ostrich, no air gets into the os humeri ;

but it enters every other part, as defcribed above, in

very large quantities. In the common fowl, no
air appears to enter any bone but the os humeri.

The wood-cock has none either in the firftbone of

the wing, or in the thigh-bones. On the other

hand, in the pelican, the air pafies on to the ulna

and radius
, and into thofe bones which anfwer to

the carpus and metacarpus of quadrupeds.

Thus then, the abdomen
,
the cells furrounding

the pericardium
,
the lower and fore part of the

neck, the axilla
,
the cellular membrane under the

pedtoral mufcles, &c. all communicate with the

lungs, and are capable of being filled with air; and
again, from thofe cells theJlernum, ribs, ’vertebra of the

back and loins, bones of the pelvis, oJJ'a burnerorurn,

and ojfafemorum, can, in many birds, be furnifhed

with air.

This fupply, of the bones with air, is not wholly

by means of the lungs ; for the cells of the bones of

the head, in fome birds, are filled with it, of which
the owl is a remarkable inftance. In this bird, the

diploe between the two plates of the fcull is cellular,

and admits a confiderable quantity of air, which is

furnifhed by the Euftachian tube.

Some authors confidered the diploe
,
in the cranium

of a bird, as a continuation of the mamillary pro-

cefs * ; and have looked upon it as a circumftance

peculiar to tinging birds ; but this is not the cafe.

'* The only thing fimilar to this communication, in birds, of

the cells of bones with the external air, is that of the internal,

ear of quadrupeds, by the Euftachian tube.

3 The
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The lower jaw of the pelican is aifo furnifhed

with air; but by what means I do not know.

Having formerly obferved thefe fa£ls, I made
feveral experiments in the year 1758, upon the

breathing of birds, to prove the free communica-

tion between the lungs and the abovementioned

parts.

The firft was upon a cock. I made an opening

into the belly of this animal, and introduced a

lilver cannula ;
then tied up the trachea

,
and found

that he breathed by this opening, and lived ; but

an inflammation came on, in the bowels, which pro-

duced adhefions, and cut off the communication.

I cut the wing through the os humeriy in another

fowl, and tied up the trachea as in the cock ; and

found that the air paffed to and from the lungs by

the canal in this bone ;
the fame experiment was

made with the os femoris of a young hawk, which,

was attended with nearly the like fuccefs ; but the

paffage of air, through both thefe parts, efpecially

the laft, was attended with more difficulty than in

the firft experiment ; indeed fo much, as to render

it impoffible for the animal to live longer, than to

prove evidently, that he did breathe through the cut

bone.

The exceeding fingularity of thefe communica-
tions, in birds, put me upon thinking, what could

be the final caufe. At firft I fufpe&ed, that it might

be intended for the benefit of flying, that being the

circumftance which appears the moft peculiar to

birds ;
and it might be of fervice in this refpe£l, I

thought, by encreafing the volume and ftrength,

with the fame quantity of matter, and therefore

E e 2 without
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without adding to the weight of the whole ; which
will rather indeed be diminifhed by the difference

of fpecific gravity, between the external and in-

ternal air. This opinion was ftrengthened, by ob-

ferving, that the feathers of birds alfo contain a

confiderable quantity of air, and in the very part

which requires the greateft flrength ; as likewife by
the analogy of fifh, which have air contained in

their bodies, to leffen their fpecific gravity
3
though

the ufe of this, in fifh, which are to move in a

much heavier element, is more obvious than in

bird's.

But when I found the ostrich, which is not in-

tended to fly, endowed with nearly the fame con-

ftruCtion and that the common fowl, and many
others of that clafs, which do fly j and alfo the

wood-cock, which flies, and is luppofed to be a

bird of paffage, are not fo well provided with air, as

the ostrich
;
and that the eatt, which flies, dif-

fers not, in that way, from animals that do not

fly ; fo many contradi&icns to the theory, obliged

me to think of fome other ufe, for this lingular

mechanifm.

The next conjecture, that offered itfelf, was,

that thefe parts. were to be confidered as an

appendage to the lungs. The analogy of amphi-

bious animals leads to this j for, in many of them,

the fnake, viper, &c. the lungs are continued down
through the whole belly, in form of two bags,

the upper part only of which can do the office of

refpiration ; and therefore, the remainder is to be

confidered as a refervoir of air. Now there is a

great fimifarity between birds and that clafs of ani-

mals,
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malSj called amphibious
;
and although a bird and a

fnake are not the lame, in the confcrudtion ©f the

refpiratory organs, yet the circU-mftance of the air

palling beyond the lungs, into the cavity of the

abdomen ,
in both, naturally leads us to fuppofe,

that fo fimilar a ftrudure is defigned for the fame
purpofe in both

; and this analogy is further con-

firmed by the texture of the lungs in both, which
con lift of large cells. Now in amphibious animals,

the ufe of this conformation of the lungs is evi-

dent; for it is in confequence of this, that they

can breathe lefs frequently than others. Confidering

the matter in this light, it may flill, in birds,

have fome connexion with dying
;

for that motion

may eafily be imagined, to render frequency of

refpiration difficult
j and may, therefore, make a re-

fervoir of air Angularly ufeful.

It may, perhaps, occur to fome, that the whole

of thefe communicating ceils are to be confiafered

as extended lungs
; but I can hardly think, that any

air, which gets beyond the veficulated lungs them-
felves, is capable of affedi ng the blood of the ani-

mal ; as the other cavities, into which it comes, as

well thofe of the foft parts, as of the bones, are-

very little vafcular.

How far this conftrudion, of the refpiratory or-

gans, may affilt birds' in Anging", is worthy of con li-

beration, as the vaft continuance of fong, between
the breathings, in a canary-bird, would appear

to be owing to thiscaufe.

At prefent, I fhall purfue this fubjed no farther

;

but leave it to a fubfequent paper, as requiring a

great many comparative fads,- to. efbablifh the final

caufe.

NXX. M. D" luc’s
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XXX. M. de luc’s Rules
, for the mea-

furement of Heights by the Barometer
,

compared with Theory, reduced to

English Meafures of Length ,
and adapted

to Fahrenheit’s of the Thermometer :

with Tables and Precepts
,
for expediting

the praSlical Application of them. By
Samuel Horfley, LL.D. addrejfed to

Sir John Pringle, Bart . P. R. S-

TO SIR JOHN PRINGLE, BART. P. R. S.

S I R,

Redde, Feb. i;,TN the papers which I have the honor
1774

JL to prefent to you, nothing more
was at firft intended, than to reduce the formula
given by Mr. de luc, in his elaborate work
upon the modifications of the atmofphere , for

expreffing differences of elevation, as indicated

by the barometer and thermometer, in Paris toifes,

tt) others, which, from the like data, fhould ex-

prefs fuch differences in Englifh fathom ; and at

the fame time be adapted to that fcale of the ther-

mometer, which is in general ufe in this country.

Had I confined myfelf to this, which was my ori-

ginal
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ginal defign, I fhould certainly have fupprefled what-

ever I might have executed, as I find my learned

friend the astronomer royal hath devoted

fome of his leifure hours to thefe calculations ; and

the redudtions, I propofed, are actually performed,

in a fhort and elegant paper of his upon the fubjedt,

which is already, I believe, in Dr. maty’s hands.

But I had made but a fmall progrefs in my intended

work, when it occurred to me, that tables of the

equations for the effects of heat and cold, would be

very ufeful. Such I have taken the pains to con-

ftrudt, and have carried them to as great a length,

as can be ever wanted. They are annexed to

the enfuing piece, and will render the application of

Mr. de luc’s rules more eafy and expeditious, than

any peculiar divifions of the thermometrical fcale.

When my tables were finifhed, I thought it might

be flill further ufeful, to give a fuccindt explanation

of Mr. de luc’s orignalformulae ; that fuch as have

not leifure to perufe his excellent work, might be

furnilhed with a competent idea of the refult of his

refearches. This, I found, I could not do, in any
way fo fatisfadtory to myfelf, as by opening, as I

went along, the principles of theory, in which the

conclufions, he hath arrived at, appear to originate.

And thus 1 was infenfibly led into minute difquiii-

tions, concerning the agreement of Mr. de luc’s

conclufions, from a long train of accurate experi-

ments, with the geometrical theory of the atmo-
fphere, founded on the general laws of gravitation.

In this manner, sir, the papers before you have
taken, as it were fpontaneoufly, the form, in which
they now appear j and a fubjedl, remotely connedted

with
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with my firfic defign, takes up the far greater part of
them. They can hardly be free from the imper-
fections naturally incident to productions, in which
the plan hath been gradually changed, during the

actual progrels of the work. I flatter my self, how-
ever, that they are not deficient in two dfential

points, the precifion and the perfpicuity of the ma-
thematical reafoning; and that, however unfinifhed

in fome particulars, they are fuch upon the whole,

as the dignity of the fubjeCt may, in fome degree,

commend to your protection. There is perhaps no
branch of phyfical enquiry, intrinfically more fubiime

and interesting, nor likely to be more important in

its ufes, than that which immediately regards the

conftitution of that elaftic fluid, which lurrounds

our globe, and appears to be a principal agent, in

many of the molt flriking operations of nature,

and a neeeffary inffcrument, at leaft, in carrying on
the wonderful bufinefs of vegetation and of animal

life. Upon a fubjedt of fo much importance, it mud:

afford fatisfaclion, to find fo exact an agreement, as

is evinced, if I am not much deceived, in the enfuing

pages, between a multiplicity of experiments, not

luggefted by any previous Speculations of theory,

with a theory, whole conclufions in this branch had

never before been duly fubmitted to the teft of ex-

periment.

The whole of the following paper is divided into

fix feCtions. The bufinefs of the firft, is merely

preparation for the principal work. It contains a

brief account of the fum of Mr. de luc’s re-

fearches concerning the variation of the heat of

2 boiling
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hilling water, fo far only as they refpedt the con-

ftrudtion and comparifon of mercurial thermome-
ters ; and it exhibits an actual comparifon of the

fcale of M. de luc’s thermometer, with that

which is likely to continue in general ufe here* In

the fecond, I date the general principles of mea-
furing heights by the barometer; or in other words,

of the modification of the air, with refped to its

condenfations, at different heights, by the preffure of

the fuperior parts, exclufive of every other caufe,

Thefe principles are recapitulated for the fake of

perfpicuity and order ; but, as they are generally well

known, I refer to former writers for the demonftra-

tion of them. This fedlion concludes with the ex-

pofition of M. de luc’s fundamental rule. The
third feftion treats of the equation depending on
the difference of temperature of the quickfilver in

the barometers, at the different places of fynchro-

nous obfervation. It explains, whence the neceffity

of this corre&ion arifes, and confiders a cafe, in

which the application of it require^ fome particu-

lar attentions ; namely, the levelling a tradt of flat

country by the barometer. The fourth feftion ex-

plains the equation depending on the temperature of

the air. This is likewise traced to its origin in theory *

and upon this occafion, I enquire into the conden-

fations of a fluid, unequally elaftic in its different

parts, under different degrees of compreflive force*

The fifth fedtion contains the redudfion of M. de
luc’s formula. I have found, with pleafure, by
the perufal of Mr. maskelyne’s paper, that we
agree in our final conclufions, To this fedtion, I

have fubjoined two problems ; the one for efti-

Vq l. LXIW F f mating
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mating the variations which the denfity of the air,

at any place, undergoes ; and the other for deter-

mining the fpecific gravity of the air of any tem-
perature, at any elevation. The fixth and laft

fedtion points out certain confequences, which feem

to follow from the difcoveries already made in con-

junction with the theory eftablifhed. Thefe are

only propounded to awaken curiofity, and promote

enquiry. I am well aware, how little theory is to

be trufted, in its remote conclufions, on account of

the neceflary deficiencies of the phylical data , upon
which its reafonings are founded. The true ufes of

it are, either to explain the mutual connexions and
dependencies of things already known, or to fuggeft

eonjedtures concerning what is unknown, to be tried

by future experiment. And he who applies it, with

due circumfpedfion, to thefe purpofes, will always

find it an ufeful engine. I flatter myfelf, that I have

affigned the true caufe of fome very Angular pheno-
mena, remarked by M. del uc. I have endeavoured,

to treat every part of my fubjedf, in theplainefl: man-
ner, that the nature of it would admit ; and fo dif-

fufely, as to be, I hope, intelligible to all, who are

moderately well founded in the mathematical fciences;

for I have obferved with pkafure, that M. de Luc’s

book hath raifed a general curiofity upon the points

it treats of j and for that reafon, it feemed the more
neceflary, to depart in this inftance, from a practice

of late become too general, with mathematicians, to

write onlyfor one another. To which, if I am not

miftaken, it is in great meafure owing, that thefe

noble and ufeful ftudies are lefs generally attended

to, than they were in former times; when men of

eminence,
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eminence, in this, as well as in all other branches,

placed their principal glory, no lefs in communi-
cating knowledge, than in acquiring, or feeming to

poffefs it; and were content to dedicate large por-

tions of their time, to the removing of thofe diffi-

culties for others, which they had once furmounted

for themfelves. It is true, that in the variety of

mathematical difeuffions, there are fome of fuch a

nature, that it would be a defperate attempt to ren-

der them intelligible to any but mathematicians ; to

thofe, who to the natural faculty of combining, have

added the mechanical and acquired habits of analytic

calculation. Such fubjedts are bed treated with

fcientific brevity. But this is no reafon for wrap-

ping up others in a fimilar ftile ; and I mud obferve,

that conclujionsy at lead, are always fufceptible of

Ample perfpicuous expofition, however abftrufe the

mode of invedigation, in fome cafes, may ne-

ceflarily be, by which they are brought out.

Such, sir, is the general fcope and plan of the

following piece, which is prefented to you, in tedi-

mony of the author’s relpeft and gratitude.

I have the honour to be, sir,

your much obliged,

and mod obedient fervant.

Temple,
Nov. t8, 1773. SAMUEL HORSLEY.

Ff a SEC-
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SECTION FIRST.
Of the variation of the point of boiling watir, and

the COMPARISON of THERMOMETERS.

THE degree of heat wherewith any fluid boils,

is invariably the fame, under a given preflure j

but if the preflure be diminifhed or increafed, the

boiling heat is diminifhed or increafed.

Water, placed- under the exhaufled receiver,

would be converted into fleam, with a degree of

heat, far inferior to that, which is neceflary to its

boiling, in the open air ; and under the preflure of

its own? vapour, confined in papin’s digefler, it is

faid to fuftain a degree of heat, without boiling, far

exceeding that, which, in the open air, w’ould con-

vert it into fleam.

Hence it follows, that in climates, where the

preflure of the atmofphere is liable to- confiderable

change, the heat of boiling water, in the open air,

will be different, at different times. Confequently,

thermometers, made in different ftates of the ba-

rometer, will difagree ; unlefs allowance hath been

made, for the effedt of the variation of the barome-

ter, upon accurate principles.

If care were taken to adjuft the boiling point, to

the mean height of the barometer, in every coun-

try, the inftruments of the fame country would

always be confident j but thofe of different coun-

tries would ftill difagree ; that is, they would ex-

prefs the fame temperature differently, though their

fundamental intervals fhould be fimilarly divided;,

for, in every fcale, the number of degrees above

3 o*-
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et below melting ice, by which any given tempe-

rature is expreffed, will be as the value of each de-

gree inverfely ; that is, if each be a given part of

the fundamental interval, as the value of the fun-

damental interval inverfely j but, if the degrees of

different fcales be different parts of the fundamental

intervals, as the value of the fundamental interval

inverfely, and the number of degrees contained in

it diredly..

It is ncceffary here to explain fome qf my ex-

preffions. By thefundamental interval is to be un-

derftood the whole extent of the fcale between

melting ice and boiling water. This is not a

particular length ; for its length is not the fame, even

in thermometers made in the fame date of the ba-

rometer, unlefs their figures be equal and fimilar

hut it is a portion of the whole folid content of the

thermometer, including fo much of the tube, as

reaches up to the point of melting ice ; and it is the

fame portion of the whole folid content in all made
in the fame flate of the barometer

; but in fuch as

have been made in different dates, a different por-

tion in each. The degrees of the fcale are fub-

divifions of this portion of folid content, into leffer

aliquot parts. With refped to the number of thefe.

fubdivifions, the pradice of different countries is

different. By the value of the fundamental inter-

val, or of the degrees of a thermometer, I mean
the fradions, which exprefs what parts they are

refpedively of the whole folid content, terminated
as above that is, by the point of melting ice : and
by the proportion of the fundamental intervals,, or

of the degrees, of different indruments, compared
together, I. underdand the proportion of thefe frac-

tions, .
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lions. Or every thing may be reduced to a com-
parifon of lengths, if in comparing the inftruments

of different countries, the comparifon be imagined

to be made between two of equal dimenfions, and

limilar figure, fetting afide that part of each which

is above the point of melting ice.

To compare the thermometers, therefore, of

different countries, the proportions of their funda-

mental intervals to each other muff be afcertained

;

or, we muff have fome means of finding, upon one

lcale, the place of the boiling point of another. For
this purpofe, a general folution is requifite of the

following problem : “ The fundamental interval

“ being given for a given height of the barometer

,

“ to find thefundamental interval
, for any other given

sc height of the barometer.” The folution is furnifhed

by M. de luc’s laborious refearches.

M. de luc fixes the boiling point of his ther-

mometer, when the barometer is at 27 inches

French that being its mean height at geneva;
He divides the fundamental interval, after the

French 'manner, into 80 equal parts; and, by a

great number of experiments, on the heat of boiling

water, at different heights above the level of the

lea, the detail of which is to be found in his EJfai

fur la Variation, &c: he hath found, that the height

of his thermometer, plunged in boiling water, may
be expreffed, in all ftates of the barometer, by th<2

following formula, viz. log. y — a — T.
In which, y denotes the height of the barometer,

in fixteenths of a Paris line : T the height of a

thermometer, plunged in boiling water, above melt-

{a) Recherches, fur les Modificat. de 1’Atmofphcre, §.451.3.

ing
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ing ice, in hundredths of a degree of M. de luc’s

fcale; and a the conftant number 10387 W.

It is proper in this place to inform the reader,

that M. de luc, by logarithms, always means
the tabular or Briggian logarithms, and confiders

the y figures given by the tables, befides the in-

dex, as integral figures; that is, he confiders the

eighth figure of the logarithm as Handing in the

place of units. Throughout this paper, I have

conformed myfelf to this manner of conceiving the

tabular logarithms, that, upon the fame fubjedl, we
may fpeak the fame language. But it is more
ufual, with mathematicians, and, in general, it is

more convenient, to confider all the figures, after the

index, as decimals. Thus the number, which M.
de luc exprefies by log. y, would, in the

common mathematical flile, be ?--
*

log. y; or,

99x5° los- y-

It is but feldom that the barometer in this coun-

try ftands fo low as 27 French inches. 30 inches

Englifh are little more than its mean height upon the

(by Ibid. §. 961. and 1*43. note a. It may feem doubtful

whether there is not a (mail error in the conftant number 10387;-
The experiments for afcertaining the variation of the boiling

point were made with a thermometer, of a peculiar fcale;. and
the formula deduced from them was this, |4^o<5crc> log. y— 5015= the height of the thermometer, plunged in boiling water,

above melting ice, in parts of that peculiar fcale. Recherch.
fur les Modificat. de FAtmofphere, §. 960. Now a degree of
this fcale was afterwards found to be to a degree of M. de luc’s
common fcale as 80 to 3869!. And this proportion be-
tween the degrees of the two fcales, gives 10368,9 or 10369;
very nearly, inftead of 10387, for the value of the conftant
number a, in the formula for hundredths of a degree of the

common fcale.

plane
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§>lane country in the neighbourhood of London.
It may, therefore, be proper for the London work-
men to fix their boiling point, when the barometer is

at 30 inches. Fahrenheit’s divifion of the fcale,

which makes 1 80 decrees between melting ice and

boiling water, and places the point of o at the

3 2d degree below melting ice, may be retained;

foecaufe long ufe hath rendered it familiar to us.

A thermometer thus conftrudted, I fhall call bird’s

.Fahrenheit : that eminent mechanic, our coun-

tryman, Mr. John bird, having been, as I be-

lieve, the firfl workman, who took the pains to

attend to the ftate of the barometer, in making
thermometers, and having always made it his prac-

tice, to fix the boiling point, when his barometer

hath flood at 30 inches. Taking it for granted,

that this fcale will continue in general ufe here, I

fhall give an accurate companion of it with the

fcale of M. de luc.

T being put for the height of a thermometer

plunged in boiling water, above melting ice, in

hundredths of a degree of M. de lug's fcale, in

any given ftate of the barometer ; let 0 denote the

fame height, in hundredths of a degree of bird’s

Fahrenheit.

Put)' for the height of the barometer in i6ths of a Paris line.

v for its height in Paris lines.

x in lOths of a Paris ineh.

~ in ioths of an Englilli inch.

And for 10387 put a .

for 16 put b.

for 10 put c.

for 1 2 put d.

Alfo put E and F for numbers exprefiing the pro-

portion of the Englifh foot to the French foot.

Now
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Now M. de luc hath found, that whatever

be the value of y

;

rAm ] °g- y— a~T.
But log. y

— log. v + log. b.

and log. v — log. x 4- log. d— log. c.

and log. x— log. z -f log. E — log. F.

Therefore log. y ~ log. z + log. E + log. d + log. b. — log. F— log. c.

and ^-s-o-4-oo log- * + 4-5- o"o- l®g* F. + log. d-\- log. b— log. F— log. c— a= T.

But ^-o4-4-o-5- log- F + log.d+ log. b.— log. F— log. c— a = —4171,55.
the French foot being to the Englifh as 2,1315 to 2 j vide Phil. Tranf. vol. LVIIL

Therefore -^44-<ro
log. z— 4171,55 = T.

9 9 'p
And ^-00-0-0-0-0-0 log. z — 41,7155 = — —_ t}ie height

100 0

ofthe thermometer, plunged in boiling water, above

melting ice, in degrees of M. de lug’s fcale, when
the height of the barometer, in tenths of an Englifh

inch, is 2;.

TNow for z write 300. Then — — 80,902.

which therefore is the height of the thermometer, in

boiling water, above melting ice, in degrees of

de luc’s fcale, when the barometer is at 30 inches

Englifh. And in the fame Fate of the barometer,

the height of the thermometer plunged in boiling

water, above melting ice, in degrees of bird’s

Fahrenheit, or, — , is i‘8o. Hence the numbers
100

T and 0 are in the confhnt proportion of 809
and 1800, whatever be the value of z. For the

change produced in the heat of boiling water,

by any change of z 9 being always the fame for

both thermometers, the temperature expreffed

by T in parts of one fcale, is always the

Vol, LXIV, G g fame,
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fame, as © expreffes in parts of the other; and,

therefore, putting p, and -jp, for the values of the

hundredth part of a degree, of the fcales of M. de luc

and bird refpedively, the fradions -j-, — are always

equal, and T, 0, are in the conffant proportion of

the invariable numbers L, B : confequently, when the

proportion of T and 0 is determined for any par-

ticular value of 2:, it is found generally for all.

Therefore, as was affirmed,

T:0= 809 : 1 800.
And T ra © = voVo G verV nearly ^ i° all values of z a

and fubffituting this value, for T, in the equation ex-

hibiting the relation between % and T, we {hall

have, for the relation between z and 0,

99
20000000

99

log. 3—41,7155 = 899

2000X100
©

0 .

Or, ——0-3— log. % — 92,804 = ——the height

of the thermometer in boiling water, above melting

ice, in degrees of bird’s Fahrenheit, when the

height of the barometer, in ioths of an Englifh

inch, is z. And thus M. de luc’s formula , for

the variation of the boiling point, is adapted to

Englifh inffruments, and reduced to Englifh mea-

sures of length.

{c) Tt might be fufficiently accurate for mofi purpofes,to fubfti-

tute -is © (
— -ttb ®) for A°c?o ®. The error of this fubditu-

tion would be about ;
and confequently would amount to

about % of i° of bird’s Fahrenheit, when z is 300. But the

error in the fubftitution I have ufed is much lefs, not amounting

to -gTstnj ©, which makes lefs than A of a degree of bird’s fcale,

in. the fameeafe.

For
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For 2 write 287,7525 (the length of 27 French

inches in tenths of an Englifh inch) and the

height of de luc’s boiling point, above melting ice,

in degrees of bird’s Fahrenheit, comes out 177,989..

Hence M. de luc’s boiling point falls upon 209,989
of bird’s fcale ; that is, upon 210 very nearly, or

infenfibly more than two degrees below bird’s point

of boiling^ and the reduction of either fcale to the

other, in all inferior temperatures, will be as the

table of comparifon fhews.

By M. de luc’s formula, thus reduced, the

height of the thermometer, plunged in boiling wa-
ter, above melting ice, in degrees of bird’s Fah-
renheit, in any given ftate of the barometer, may be

computed,. But 899 being a troublefome divifor,

to render the computation more eafy and expeditious,

take the following method. For log. z.

write s.

Then s -f- — 92,804 = very nearly. W

Upon thefe principles I have computed a little

table, for finding the heights, to which a good bird’s

(d) If, according to note
( b ), we take 10369 inftead of

10387, for the value of the conftant number a in M. de luc’s

T
formula, we fhall find, 2 tro'o o o ob log. 2— 41,5355 = .

100

Whence we fhould obtains — s — 92,198 r= verj

nearly. But I abide by theformula given in the text : being per-

fwaded, that M. de luc hath purpofely adopted the number
10387, as agreeing better, upon the whole, with his experiments
than the other ; though I do not recoiled: that he hath, in any
part of his work, exprefsly faid fo.

G g 2 Fahrenheit



[ 228 ]

Fahrenheit will rife, when plunged in boiling water,

in all flates of the barometer, from 27 to 31 inches

Englifh. Among other ufes of this table, it will

ferve for a direction to inftrument-makers, to make a

true allowance, for the effedt of the variation of

the barometer, if they are at any time obliged, to

finifh a thermometer, when the barometer is above

or below 30 inches ; but in general it fhould be their

rule, to watch an opportunity of fixing the boiling

point, when the barometer is adtually at the height

prefcribed.

I mull, upon this occafion, declare, how heartily

I concur with M. de luc, in wifhing, that fonie

common fcale, the fame in the number of its divi-

sions, its point of o, and its boiling point, might

be received, with unanimous confent, by phi-

lofophers of all parts of the world
; that, for the

Future, we might have one general language, for fo

very general an objedt of enquiry and difcourfe, as

the different degrees of heat arid cold. To mathe-

maticians the comparifon of different fcales, is a

talk of little labour. But among thofe who have

a tafte for phyfical researches, and are capable of

pur-fuing them, in certain branches at lea ft, with

iome degree of advantage to fcience, as well as to

themfelves, there are many, to whom every little

calculation is a toil. Not having acquired the habits

of it, in .the early part of their lives, they never can

acquire them, in fuch a degree, as to be able to put

a confidence in themfelves, and rely upon the accu-

racy of their own conclufions. The eafe of fuch

perfons Should, in- my opinion, be confulted. But

thefe are not the only perfons interested. The in-

conveniericies to be apprehended from a diverfity of

Scales
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fcales are general. It is not one of the leaft, that

inftruments effentially different, as made at different

elevations in the atmofphere, will continue to pals

under the fame name. The error and confufion,

which this may create, is remarkably inftanced, in

what hath a&uaily happened to the thermometer of

the celebrated reaumur. The ' inftrument, which,

at this day pafies, all over Europe, under the name

of Reaumur’s thermometer, is effentially different

from his ;
yet it was always fuppofed to be the fame,

even among his own countrymen, till M„ de lUc de-

tefted the miftake. At what time, upon what oc-

cafion, or by whom, the change was introduced, is

ftill unknown.

Of ihe general principles of meafuring heights by the

, barometer..

S it is my dehgn to compare the practical rules,

which M. de luc hath deduced from ex-

periment, with theory, it is neceflary, for the clearer

arrangement of the argument, previoufly to ftate the

general principles, upon which the meafurement of

heights by the barometer depends. In doing this, Khali

rather aim at perfpicuity than at brevity
; referring,

however, for the demonflration of whatever hath been

advanced before, to writers of approved authority.

In any column of the atmofphere, refting

perpendicularly upon any fmall portion of the

earth’s furnace, the ' denfities of the air diminifh,

as we afeend to greater heights 5 and if the

aaelerative force of gravity were the fame
CJ d

SECTION SECOND.



[ 2 3° ]

at all heights, the denfities would decreafe geo-

metrically as the height increafed arithmetically.

This is an obvious confequence from a known
property of air, that it expands itfelf through

a greater or a Iefs fpace, in proportion as the

force, by which it is compreffed, is iefs or greater;

that is, that the denfity of air, is always as the com-
preffing force (?). And from hence it would follow,

that the difference of the elevation of any two places,

would be as the logarithm of the ratio of the den-

fities of the air, at each: and the denfity being

every where as the compreffing force, and the com-
prefling force as the length of the column of quick-

iilver fuftained by it in the barometer, the difference

of elevation would be, as the logarithm of the

ratio of the altitudes of the quickfilver in the baro-

meter, at the fame time, at the different ftations
; that

is, as the difference of the tabular logarithms of the

numbers, by which thofe altitudes would be ex-

preffed in any given meafure (/). But the accele-

rative force of gravity diminishes, in the fame pro-

portion, as the fquare of the diftance, from the

earth’s center, is increafed. It is not the fame

(e) Cotes’s Hydroftat. Leftures, left. ix.

(/) See Philoi'opb. Tranfaft. n. 1 8 1 . Phil. Nat. Princip.

Math. lib. ii. prop. 22. Scholium. Cotes’s Hydroftat. Leftures,

left. ix. H.umon. Menf. p. 17.

Of all thefe demonftrations, that given by Mr. cotes, in

the hydroftatical leftures, will be the moft perfpicuous to the

generality of readers. It is very difrufe, and he hath been

at great pains to reduce it to the moft ftmple principles.

Mathematicians will find the fubftance of his argument well

fummed up, by M. de la lande, in the Connoiftance for

the year 1765, p. 21 1, 212. who, I am perfwaded, would not

have produced it as a new aemonftration, had he known it

had been given before.

therefore
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therefore at all heights above the furface ; and the

denfities of the air muff decreafe, by a different law,

from that which would obtain, if the force of gra-

vity were uniform. This other law, however, is fuch,

that, to a much greater height than is acceffible to

man, the gradual variation of the compreffing force

and denfities of the air, will befo little different, from
what it would be upon the former hypothefis, that

the error of that hypothefis, in the meafurement of

heights, will be abfolutely infenfible.

Let the point C [tab. IX. fig. i.] reprefent the

center of the earth. CA the earth’s lemi-diameter.

AB any height above the furface. At A, place a

right line, AD, of any finite length, at right angles

with AC. In the right line AC, towards C, take

AjG, fuch that CA may bear to A/3 the propor-

tion of CB to BA. In a right line drawn
through /3, at right angles with AC, take /3E, of fuch

length, as to bear to AD the proportion of the den-

fity of the air at B to the deniity at A, or at the

earth’s furface. The curve, which the point E
always touches, is a logarithmic, of which AC is the
afymptote-tA

As Ifall havefrequent occafon to corfder the ' curve,

which thus exhibits the relation between denjity and
elevation

, 1 JhcUl call it the atmospherical
LOGARITHMIC,

Imagine this curve deferibed, and take another

height Ah, and take A£ r= ana draw Qe

(?) Cotes’s Hydroftat. Le&ures, p. 261— 167. Harmoiv
Me;;('. p. 18. Phi!. Nat. Princip. Math, lib, ii. prop. 22.
Brooke Taylor, Method, Increment, Prop. 26.

parallel
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parallel to /3E, meeting the curve in e. Then /3£ is the

logarithm of the ratio of /3E to £e, or of the denfity

at B to the denfity at b. But if the greater of the

two heights, AB and Ab, bear but a. very fmail

proportion to the femi-diameter of the earth, their

difference Bb will be very nearly equal to /2£.

For, becaule CB : BA— CA : A/3 (by con irudtion.)

Therefore, by converfion, CB : CA — CA : C-3

In like manner, and by inverfion, CA : Cb “C£ : Ct .

by equi-diftance perturbate, CB : Cb=C£: C/3,

and converting, CB : Bb=C€ : /3b.

by permutation, Bb : /3£=CB : C£.

But when AB is infinitely diminifhed, CB= C 1

ultimately. Alfo A b being infinitely diminifhed,

C£— CA ultimately. Therefore CB — C£ ultimately,

and Bb —Q,& ultimately. Q. E. D
Now AB and Ab will always be fo fmail, with

refpect to CA, if B and b be fuppofed to reprelen

any acceffible places, that CB, C£, and Bb, /3£,

may always, in this cafe, be confidered, as in their

ultimate proportion of equality'-.

It is ftill therefore to be admitted as a p- maple, in

practice, that the difference of elevation of two

places, is as the difference of the tabular 1 s.rirhms

of the heights of the quickfilver in the barometer at

the fame time, at both places ; that is, it is the

logarithm of the ratio of thole heights in fome

fyftem of logarithms. And the heights o- quick-

filver being given, by obfervaiion, the did. ence of

elevation will be known, if that particular fyftem

can be determined ; that is, if the mod:dm of the

fyftem, or the length of the fubtangent of the

curve
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curve DE^ of that fyftem, can be afcertained, in fome

known meafure, as English fathoms, or Paris toifes.

The eafieft method of doing this, that theory

fuggefts, is to compare barometers at two ftations,

fappofe B and b

,

each of a known elevation AB
and Ab, above the level of the fea. For the

logarithms of any given ratio, in different fyftems,

are proportional to the fubtangents; and the differ-

ence of elevation, B b, diminifhed in the proportion

of CB, (the diftance of the higher Ration from the

earth’s center) to C£, (a third proportional to Cb,

the diftance of the lower Ration from the earth’s

center, and CA, the earth’s femi-diameter) is the loga-

rithm of the ratio of the denfity at B, to the denfitv at

b (that is, of the columns of quickfilver fuftained in

the barometer at B and b
)
in the atmofpherical fyftem.

Therefore, as the difference of the tabular loga-

rithms, of thefe columns, to the fubtangent of the

tabular fyftem, fo fhould B^, diminifhed as hath

been faid, (that is, fo fhould (3£) be to the fub-

tangent of the atmofpherical logarithmic. The
utmoft height, to which we can afcend, above the

level of the fea, is fo final], that the reduction of

Bb may, even in this inveftigation, always be neg-

lected. For, if AB were four Englifh miles, which
exceeds the greateft acceffible heights, even of the

Peruvian mountains, and AS three, /3S would be

lcarce one part in 500 lefs than Bb. So that, by
comparing barometers at different elevations, within

a mile above the level of the fea, the fubtangent of

the atmofpherical curve might be determined, as

it fhould feem, without fenfible error, by taking

limply the difference of elevation, without redue-

Vol. LXIV. H.h tion,
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tion, for the logarithm of the ratio of the obferved

heights of the quicklilver in the atmofpherical fyftem.

Thofe, however, who have attempted to determine

the lyflem, by this method, have hitherto agreed but

ill in their conclufions. The fadt is, that the length

of this fubtangent is very different at different times.

The caufes and quantity of its variation will be con-

fidered in another place. It appears, from M. de
luc’s experiments, that, though otherwife fubjedt to

change, it is conflant in a given temperature. And
that when the temperature of the air is -{- 16*. of

his fcale, the difference of the tabular logarithms of

the heights of the quickfilver in the barometer,

gives the difference of elevation in loooths of a

Paris toile W. This is the rule, which he hath derived

from a great number of experiments made at very

different elevations: and the truth of it being ad-

mitted, it is a neceffary confequence, that the num-
ber, which is the modulus of Briggs’s fyftem, expreffes

the length of the fubtangent of the atmofpherical

curve, fuch as it is in that temperature, in loooths

of a Paris toife.

(
b
) Recherch. fur les Modif. derAtmofp'n. §. 588.

SECTION
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SECTION THIRD,

Of the equation for the difference of temperature of

the quicksilver in the barometers, at the different
STATIONS.

HE preceeding rub, however, mull: not be

expected to give an accurate refult, even in

that particular temperature of the attnofphere, to

which it is adapted, unleis the fpecific gravity of the

quickfllver, in the barometer, hath been the fame at

both Rations, at the time of obfervation. If the

fpecific gravity hath been different, at the different

Rations, the heights of the quickfllver, in the ba-

rometer, will not have been proportional to the den-

fities of the air
;

that is, to the forces by which they

have been fuRained : and the calculation, built upon
the fuppofition that they werefo, becomes- erroneous.

The fpecific gravity of every material fubRance

varies with its temperature. If the (temperature of

the quickfRver, therefore, hath been different, at

the different Rations, the difference of elevation,,

found by the foregoing rule, will require corre&ion,

though the mean temperature of the air may have

been fuch as it prefcribes h). No particular tempera*

ture of the quickfllver is neceRary to the accuracy

of the refult of the preceeding rule, or to render the

(?) Obferve, that the temperature of the quickfllver, in the

portable barometer, will not be neceffarily the fame with that of
the circumambient air, at the place and time of obfervation

there will generally be a confiu'erable difference.

Hh 2 cor*
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correction, I am now confidering, o ; but only, that,

its temperature, whatever it be, be the fame at both

ftations. If the temperature hath been the fame,

the fpecijic gravity hath been the fame; and if the

fpecijic gravity hath been the lame, the length of

the columns of quickfilver have been as the forces

by which they were fuflained, whatever the com-
mon fpecific gravity may have been. Columns of

water, fuffained in evacuated tubes, of Efficient

length, would be proportional to columns of quick-

ftlver in the barometer, at the fame times and places,

provided the temperature of the two water columns
were the fame, and that of the two mercurial co-

lumns the fame; and, confequently, the difference

of the logarithms of the water columns would be

precifely the fame as of 'the mercurial columns.

For the water columns, and the mercurial columns,

are only expriffions of the fame abfolute magni-

tudes, the forces by which they are both fuffained,

in parts of different fcales. But if the temperature

of the quickfilver, or of the water, be different at

the fame time, at different ffations; then, though

we compare the water columns with each other,

and the mercurial columns with each other, {fill we
compare different things, though we call them by

the lame name. We compare fluids of different

ipecific gravities
;
that is, we meafure the preflure

of the air at one place, in parts of one fcale, and at

the other place, in parts of another. The error

is of the fame kind, as if one fhould attempt to de-

termine the proportion between two parts of a

building, by meafuring one with a Paris foot-rule,

and the other with an Englifh foot-rule, without

attending
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attending to the difference between Paris feet and

London feet ; and the fame method muft be taken

to get rid of the error in both cafes : vre muft

afeertain the difference of the fades we have applied,

and make allowance for it : we muft know the

length of the one in parts of the other
; that is, in

the particular cafe in queftion, we muft be able to

determine, from the obferved height of the baro-

meter, when the quickfilver is of any given tem-
perature, what its height would have been, at the

fame place, and at the fame time, if its tempera-

ture had been any other, that may be affigned. I

have thought it neceffary to be thus minute, in ex-

plaining the principles, upon which the corredlion in

queftion depends; becaufe it is a point, which is

likely to be mifunderftood, though in itfelf of no
great difficulty. M. de luc himfelf hath fallen

into a miftake, not with refpedl to the quantity of

the error, but the manner of allowing for it ; which,

however, is of no other bad confequence, than that

of lengthening the calculation unnecefftirily. He
imagines that a particular temperature of the

quickfilver is neceffary, that the error fhould be

nothing ; and to this he always reduces the obferved

heights of the quickfilver, in the barometer, at both

ftations W. But the refuit of the computation

would, in all cafes, have been the fame, if they

had been reduced to any other given temperature;

and therefore, it is always fufficient, to reduce the

one to the temperature of the other. This little

overfight I fhould have touched upon with more

(£) Recherch. furies Modif. de 1’Atm. §. 369—374.

relu&ance.
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rel usance, were it not of too little importance to

derogate, in the leaf! degree, from the general

merit of M. de luc’s elaborate and invaluable

work.

The quantity of the correction in qnefcion, is thus

determined. At times, when the barometer, in a

temperate air, flood at 27 Paris inches, M. de luc
tried what change was effe&ed in its height, by

changes of temperature, induced by art in the

quickfilver, without any alteration in the ftate of the

atmofphere ; and, by repeated experiments of this

kind, it was found, that the difference between the

length of the column of quicklilver, fucceflively

heated to the temperature of boiling water, and

cooled to that of melting ice, amounted to half a

Paris inch exactly
;

that is, to JLth of the mean-

height W. But the whole extent of the thermome-

ter’s fcale, from the temperature of melting ice to M.
de luc’s boiling point, being 178° of bird’s Fahren-

heit, the change of the height of the barometer, due

to i° of bird’s Fahrenheit is always — = .J
54. x 178 9612

And if n denote the number of degrees of bird’s

Fahrenheit, in the difference of the temperatures of

the quickfilver, in the barometers, at different ffations,

the reduction will be >
that i s t0 the height

of the warmer column muff be fhortened by this

part of its own length, or that of the cooler aug-

mented by the like part, to reduce either, to the

height it would have flood at, at the time and place

of obfervation, with the temperature of the other.

(/) Recberch. fur les Mod if* del’Atm. §. 362—364.

Thefe
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Thefe determinations of the effect of heat upon

the column of quickfilver, in the Torricellian tube,

(hew the proportional alterations of the denfity of

that fluid, by given increments, or diminutions, of

heat. For the perpendicular height of a column,

of any inelaftic fluid, fufiained in the Torricel-

lian tube, by a given compreflive force, mud, by-

the known laws of hydroflatics, be as the den-

lities of the fluid inverfely. And as this pro-

portion muft obtain, whatever be the flze, or

figure, of the tube, there feems to be no me-
thod, by which the change of denfity, or the pro-

portional expanfion of quickfilver by heat, can be

meafured with more precifion. Thefe conclufions,

therefore, may be of ufe in many phyfical en-

quiries ; and there are many cafes, in which it

may be neceflary, to reduce the obferved height

of the barometer, in one temperature, to an-

other. Thus when that height is to be made
the meafure of the variable preffure, or of the den-

fity of the air, in fome particular place, it will be

neceflary to choofe fome Jlandard temperature, to

which the obferved length of the column may
always be reduced. And it was this confideration, as

I have gathered from many converfations with him,

which gave occafion to M. de luc’s miftake.

He had fettled it with himfelf, at his very firA en-

trance upon thefe refearches, that the point he was
to keep conAantly in view, as the ultimate objedt

of his whole purfuit, was to find, in the variable

length of the mercurial column, a meafure of
the preflure and denfity of the air. This, he faw„

was only to be looked for in quickfilver of fome

5 one
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one conftant temperature; and thus he became pof-

feffed with a general notion, of the necefiity of
reducing the obfervations of the barometer, to fome
ilandard temperature, upon all occafions.

But, for the particular purpofe of computing dif-

ferences of elevation, inftead of attending to the

correction of the obferved heights of the quick-

silver at all, it will be a readier way, to make the

correfponding correction immediately, upon the

difference of the tabular logarithms. If any quan-

tity be diminithed or increafed, in a given propor-

tion, the logarithm of its proportion to any other

given quantity (that is, the difference of the tabular

logarithms) is diminithed or increafed by a given

magnitude ;
namely, by the logarithm of the given

ratio ^
in which the variable quantity is altered.

The logarithm of the ratio of x to a; -f-
_'

6
__ a,*, or of

96 12, to 9613, is 452 Therefore, if as before,

exprefs the difference of temperature in degrees of

bird’s Fahrenheit, ,, x 452 is the correction to be’

applied to the difference of the logarithms of the

obferved heights of the quickfilver in the barometer.

This correction is to be fubftraCted, if the tempe-

rature, at the upper ftation, hath been the cooler of

the two, and to be added, in the contrary cafe. I am
indebted to the astronomer royal for the firft

hint of this elegant method of applying the cor-

rection in queftion.

(;tz) The rea tier will here recolk-Ct, that I fpeak of the

tabular logarithms in the language of M. de luc. The loga-

rithm of the ratio of 9612 to 9613 is, in the more common
{tile, 0.0000452.

The
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The third of the annexed tables, fhews the quantity

of this correction correfponding to every value of n

from i° to 70°. The third column, to the right, exhi-

bits the value of it in Englifh fathom, in that parti-

cular temperature of the air, in which the difference

of the tabular logarithms, of the heights of the quick-

fdver in the barometer, gives the difference of ele-

vation in iooothsof an Englifh fathom. What that

temperature is, will be determined in the fequel.

It is to be obferved, that the value of thefe correc-

tions, in the fathom of any other country, will be

the fame, in that particular temperature, in which

the tabular fyftem meafures the difference of ele-

vations in ioooths of the fathom of that country.

The rule, which I have given for applying this

correction, fuppofes that it is previoufly known, which

of the two ftations is the higheft ; otherwife it will

be doubtful, whether it fhould be added or fub-

traded. This doubtful cafe may actually happen in

levelling a conliderable trad of country, that is

pretty even. The table, however, will ftill give the

quantity of the corredion. Add that quantity to the

logarithm of the height of the cooler barometer ; and

the difference between this logarithm, fo augmented,

and the logarithm of the height of the other, is the

difference of the logarithms of the obferved heights,

duly correded : and the ffation of the cooler ba-

rometer, was the lower of the two, if its augmented

logarithm exceeds that of the other: in the con-

trary cafe, the higher.

It hath been already obferved, that the change

of the denfity of quicldilver, by an alteration of its

heat, muff always be proportional to the increafe

Vol. LXIV. I i or
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or contraction of the length of the column in the

barometer; or, in other words, that the alteration,

in the perpendicular height of the Torricellian co-

lumn, is proportional to the change of the folid

content of fpace, occupied by a given quantity of

the fluid. Thofe who recoiled: the experiments of

the celebrated boerhaave, for meafuring this

change of volume, cannot but be ftruck with the

great and Angular difagreement between his conclu-

sions and thofe of M. de luc. boerhaave
makes the whole expanfion, produced by a change of

temperature from the o of Fahrenheit, (or the forced

congelation of fal ammoniac
)

to the heat of boiling

water, of the whole volume, which is very
52H 3

little more than M. de luc found to be produced

by a change from 3
2° of Fahrenheit (or the diflb-

lution of natural froft) to the heat of boiling water

(n) Vid. Element* Chemise, vol. 1. p. 174. In this place,

the author exprefsly treats of the expanfion of quickfilvtr by

heat; and the proportion, which he here afligns, hath been

adopted by the writers of elementary phyflcs. But, p. 165,

having defcribed an artificial cold, in which the thermometer

had been funk to — 40 of Fahrenheit, he fays, “ Novimus hoc

“ argenii vivl corpus ab illo gradu 40 infra o, ad gradum -6co quo

incipit ebullire ccntradhtrn fuiffe per partes 640 lotius molis

“ 10782.” And, in the explanation of one of his copper

plates, he deferibes a thermometer in which the quickfilver, in

the greateft natural cold, juft filled ihe bulb, which contained,

he fays, 11520 fuch parts as the tube contained 96. It feems

probable, that the number 11124, which is given, p. 174, as

the whole volume of the quickfilver in the temperature o, (a de-

gree of Fahrenheit being the unit) hath been deduced from the

mean of a variety of experiments upon different inftruments,

for it differs not greatly from the mean of the two numbers

10782 and 11520.

i Upon
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Upon this it is to be obferved, that boerhaave’s
method gave him the expanfion of his quickfilver,

diminifhed by the whole expanfion nearly of the

veflel which contained it. de luc’s gave him the

expanfion of his quickfilver, diminilhed by the lon-

gitudinal expanfion of the fcale applied to the ba-

rometer, by which the height of the column was
meafured. The vefifel which contained boer-
haave’s quickfilver was glafs. The fcale of de
luc’s barometer was deal, Glafs is confiderably al-

tered in its dimenfions by heat ; deal but very little,

in the direction of its longitudinal fibres : therefore,

though M. de luc negledfed the expanfion of his

fcale, the expanfion which he obferved of the quick-

filver would be nearly the whole; but boerhaave
muft have reckoned it much too fmall, negledting,

as he fays he did, the expanfion of his glafs W;
and the difference is no more than what the ex-

panfion of the glafs will very nearly reconcile.

boerhaave’s expanfion is too fmall, to be in pro-

portion to M. de luc’s, by about _T
‘

T of the

whole volume, or fomewhat more than The
expanfion of glafs, in length, by i8o°, is, as I am
informed, about of an inch upon a foot, or

part ; therefore, its expanfion in folid content,

or volume, will be very nearly _L_, by i8o° ; and,

by 2 i 2°, about Ti.T , or lefs than _4-_.

(o) Sepojita ergo vitri interea dilatatione
, &c. Thefe words

may feem ambiguous ; but the meaning feems fufEciently deter-

mined by what is faid, p. 173. 1. 2—5.

I i z SECTION
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SECTION FOURTH.
Of the equati©n for the temperature of the air.

I
F the temperature of the atmofphere hath been

any other than is expreffed by -f- i6| of M. de
luc’s fcale, the refult of the calculation, formed

upon the preceeding rules, requires a further cor-

redion. This corredion arifes from a variation of

the length of the fubtangent of the atmojpherical loga-

rithmic j which, as hath been already remarked, is

found to be net conftantly the fame. That this mat-

ter may be the better underftood, it will be proper

to date, in this place, what this fubtangent is, in the

nature of things, and upon what phyfical circum-

ftances its length depends.

Imagine then, thatinfteadof the atmofphere, in its

natural date, the earth were furrounded with an ine-

laftic fluid, of an uniform denfity throughout, equal

to that of the natural atmofphere, in its lowed: parts,

which are contiguous to the furface of the earth ;
ima-

gine alfo, that every atom of this homogenous fluid

were urged towards the earth’s center, with an accelera-

tive force, equal to that of gravity, at the furface of the

earth. Now the preffure of the atmofphere upon the

earth’s furface, or on any given part thereof, being, at

all times, a finite, though not a conftant force, of which

the phenomena of the Torricellian tube are a fuf-

fleient proof, it is evident that it might, at any time,

be equalled by the preffure of a finite quantity of

this imaginary fluid ; and that, to render the preffure

of this fiditious atmofphere, upon the whole, or any

part of the earth’s furface, equal to that of the real

atmofphere upon the like part, it would be requiflte

to afiign to it fome finite thicknefs or depth. Now
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that particular thick?iefs or depth ,
' of the imaginary

fluid, which is, at any time, necefl'ary to render an

entire column of it a counterpoife for an entire co-

lumn of the natural air, is, at that time, the length

of the fubtangent of the atmofpherical logarithmic.

In fhort, the fubtangent of the atmofpherical logiflic,

is the length of a column of fuch a fluid as I have

fuppofed, which would be fuflained in the Torn-
cell, an tube, by the preffure of the air, at the level

of the iea, if we could fuppofe a tube of a fuffi-

cient length.

This is demonflrated by Mr. cotes, Harmon.
Mei h p. i 8. and by no one elfe, that I know of,

with equal fimplicity.

It is a manifefc confequence from this, that the fub-

taogent muft always be as the preffure of the whole
cylindrical column (upon a given part of the earth’s

furface) direfliy, and the denfity. of the air, at the

furface, inveriely ; and it may therefore appear to be:

repugnant to the theory already efiablifhed, to fup-

pofe it iubjebt to variation. For if the preffure

be always as the denfity, upon which, hypothecs

the whole theory is founded, that which is

always as the preffure diredlly, and the denfity in-

verfely, can be no other than a conflant quantity..

But M. de luc’s experiments prove, beyond a

doubt, that the atmofpherical fubtangent is variable?

therefore the denfity of the atmofphere, at the fur-

face of the earth, at different times, is not propor-

tional to the whole preffure, at fuch times,, re-

fpe&ively. And in this there is nothing inconfiftent

with the foregoing theory, rightly underflood. When
the denfity of the air is laid to be as the com-
preffing force, this is to be underilood of air in the

2 - fame
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fame Jlate of elaficity

;

that is, in which the abfo-

Jute force of elafticity, under all the different de-

grees of preffure, is conftantly the fame. (The
abfolute force of elafticity is meafured by the force

exerted between two particles of given magnitudes

and figures, at a given diftance.) But there is

no reafon, from any experiments, to conclude,

that the denfity of the air will be fimply as

the comprefling force, in different abfolute forces of
elafticity. On the contrary, fince the proportion

of the compreffing forces is found to obtain, be-

tween the denfities, when the abfolute elafticity is

conftant
;

this alone is a proof, that the like pro-

portion will not obtain, if the abfolute elafticity be

changed as well as the compreflive force.

Imagine two parcels, fimilarly fhaped, A and B,

of different fluids, the fame in all their other pro-

perties, and fimilarly, but unequally,, elaftic; that

is, imagine the integrant particles of A to be equal

in quantity of matter and bulk, and fimilar in figure,

to the integrant particles of B, feverally ; and if

each of the integrant particles of A, be itfelf an

aggregate of leffer integrants, each of the integrant

particles of B is to be underftood to be a like aggre-

gate of equal and fimilar leffer integrants, fimilarly

compofed ; and whatever forces, except that of

elafticity, are exerted between the particles of A,
imagine equal forces, of the fame kinds, exerted

according to the fame laws, between the particles

of B. Likewife, imagine the equal and fimilar

particles to be fimilarly fituated, in their refpeftive

mafles. Such fluids are the fame in all refpedts,

elafticity excepted. Further, imagine an elaftic

force to be exerted between every two integrant

particles



[ H7 ]

particles of A, and to vary, with the diftance, as any

power or function of the diftance whatever. Ima-

gine an elaftic force, varying according to the fame

power or function of the diftance, exerted between

every two particles of B. Thus the fluids are

Jimilarly elaftic
;

but they are to be fuppofed un-

equally foj that is, the force exerted between two
particles of the one, at any given diftance, is to be

greater than the force between two particles of the

other, at the fame diftance. Now, if the law by

which the elaftic force varies, at different diftances,

in one of thefe fluids, as A, be fuch, that the den-

fities of A, under different compreflions, are to

each other, as the compreffive forces j the denfities

of B, compared with each other, under different com-
preflions, will likewife be as the compreffive forces.

But the proportion of the compreffive forces will

not fubfift between the denfities of the two different

fluids. The denfities will not be the fame, when
the compreffive forces upon A and B are equal

;

nor will they be as the compreffive forces, when
thofe forces are unequal. The denfities will be as

the compreffive forces direftly, and the abfolute

elafticities inverfely ; that is, the compreffive forces

will be as the denfities and abfolute elafticities jointly,

which is eafily demonftrated.

The compreffive force upon any fluid, is to be

eftimated by the quantity of the preffure, adling

perpendicularly upon a given furface, or plane flec-

tion of it. Whatever degree of preffure afls upon
the mals of an elaftic fluid, its particles will approach

or recede, till the diftances of every two adjacent

particles are fuch, that the whole elaftic force,

exerted perpendicularly againft every furface or plane

fe&icn
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fedlion of it, is precifelv equal to the preflure acting

perpendicularly upon the fame furface, in an oppo-
fite direction. And in the particular degree of den-

fity, determined by that diftance of the adjacent

particles, the fluid will remain, while the fame de-

gree of preflure is continued. Imagine therefore

the denfities of the two maflfes, A and B, to be the

fame; then, from the fuppofed fimilarity of the fluids,

it follows, that the number of particles, exerting their

elaflicities upon any equal and fimilar fe&ions of A
and B, mufl be equal ; and that the diftances of the

correfponding particles, from each other, in the two
mafles, mufl; be the fame: confequently the whole

elaflicities, exerted upon equal and fimilar fedtions

of the two mafles, will be as the abfolute elaftici-

ties of which they are compoled. Therefore the

compreflive forces are, in this cafe, as the abfolute

elaflicities. Call the common denfity of the fluids

D ; the compreflive force upon A, P ; upon B, n ;

the abfolute elaflicities a, b, refpedlivdy. Let d
denote fome other denfity of the mafs A, and p the

compreflive force correfponding to that denfity.

Now D and d are different denfities of the fame

fluid A, under different compreflive forces P, p.
Therefore, p : P= d: D (by hypoth.)

But P : n— a \b. (as hath been proved.)

Therefore, piU — dxa'.'Dxb', that is, the com-

preflive forces upon the different fluids A and B, when
the denfities are unequal, are as the denfities and abfo-

lute elafliciiies jointly. Q. E. D. This demon-

ffration is independent of any more particular hypo-

thefis, concerning the law of the elafticity, than barely

that it is the fame in both mafles ; and fuch, in both,

as to make the denfities of either always proportional

to
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to the forces by which it is comprefTed. But to this

condition, a particular law of elafticity is requifite ;

namely, that the force exerted between every two

adjacent particles diminifh as the diftance between

them is increafed; and, adopting this law, die com-
preffive forces might be proved to be in the propor-

tion affigned, that of the denlities and abfolute elafti-

cities jointly, by the fame kind of reafoning as is

ufed to demonftrate the 23d proportion of the fe-

cond book of the Principja
,
which is only the molt

fimple cafe of the more general theorem now pro-

pofed.

Hence it follows, that if any caufes a£l upon the

atmofphere, to change the degree of its abfolute

elafticity, provided they a£t in fuch manner, as to

change it equally at all heights- fo that, though dif-

ferent at different times, it fhall always, at any one

time, be the fame at all different heights ;
then, the

denlities in all different parts of the cylindrical

column, reding perpendicularly upon a given fmall

part of the earth’s furface, will, at any one time, be

as the compreffive forces upon each part refpeftivelv.

But the denfities, in any one part of this column,

at different times, when the abfolute eladicities are

different, will not be as the compreffive forces upon
that part, at fuch different times refpedtively.

Hence the relation between the decrement of

deniity, and the increment of height, reduced

according to the conftrudtion of fedtion iecond, will,

-at every time, be reprefented, by the decrement of

the ordinates, and the increment of the afymptote of

ffome logarithmic curve. But of different curves,

at different times, or in different dates of the

abfolute elaflicity
;

that is, the length of the fub-

Vol, LX 1 V. K k tangent
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tangent of the curve, defcribed in fe&ion fecond, will

vary : for the difference of the lubtangents is the

only thing that conftitutes a real difference in two
logarithmic carves. If iuch carves have equal lub-

tangents, though they have unequal ordinates, they

are only different paints of the fame curve.

The fubtangent of the aimofphericai logiffic muff
always be as the preffure of the whoie column of

the atmofphere direftly, and the denfity, at the

earth’s furface, inverfely
; therefore it is diredly as

the abfolute eiaftic force. For call the fubtangent S ;

the preffure at earth’s furface, P j the deniity, D ;

the abfolute elafticity, A.
PNow that S is as ^ is obvious (from p. 245.);

p
but ^ is as A (by what hath now been proved).

Therefore S is as A.

Now heat W is one caufe, which is well known to

influence the abfolute elaftic force. An increafe of

heat increafes elaflicitv j and elafticity is diminifhed

by a diminution of heat. Accordingly M. de luc’s

experiments fhew, that when the temperature of

the air is uniform (or the fame at all heights)

the fubtangent of the atmofpherical curve is in-

creafed, or diminifhed, exactly in proportion to the

increment or decrement of the uniform tempera-

ture, as indicated by the mercurial thermome-
ter. His conclufion, from repeated experiments

en the mountains near Geneva, is, that, if L de-

note the difference of the tabular logarithms off the

heights of the quickjiher , at two fations, corrected

for the difference of the temperature of the quick-

(/>) boerhaaye. Elements Chemise, vol. i, p.456, &c.

fiver

}
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fiver, and n denote the difference of the temperature

of the air,
in degrees of his own fcale,

above or

below 4- i6f, then L±— L, is the difference of
^ x 5 ,

elevation in 1000ths of a Paris toife. The correction

PI— L, to be added or fubtraCled,
according as the

temperature oj the air is above or below i6| ; or ac-

cording as n is a difference in excefs or defettW,

But in any given value of n, the proportion of

L to L is given, being that of n to 215. There-
n

2X5

fore, L ± L is the logarithm of the ratio of

the heights of the barometer, in a fyftem of loga-

rithms, in which the fubtangent of the curve is to

fo many ioooths of a Paris toife, as are expreffed

by the fubtangent of the Briggian fyftem, as

215 ± n to 215. And this being the cafe, what-

ever be the value of L, in every given value of n,

it is evident, that the variation of the modulus ot

the atmofpherical fyftem, or of the fubtangent

of the atmofpherical curve, is always as n3 the varia-

tion of temperature.

But a uniform temperature is a condition of the

atmofphere, which rarely obtains, within fmall

diftances, at leaft, above the earth’s furface ; therefore

the more ufuai cafe of unequal temperatures muft
be confidered.

When different temperatures obtain, at different

heights, at the fame time, they muft render the

abfolute elafticities, at thofe heights, unequal.

Thus the hypothefis of M. boUguer will take place

;

(?) Recherch. far les Modif. de l’Atcn. §. 607—611.
K k 2 whq*



who, from a great number of experiments, made
upon the cordileros, and at various other heights

above the level of the fea, concluded, that the abfo-

lute elafticity of the air, which he calls, “ the iu-
4< tenftty of the da flic force,” ruuft be different

at different elevations. His conjectures indeed about

the caufefrom whence the difference might arife, are

not the mod natural
; and in one point he was evi-

dently miftaken : namelv, that he imagined the ab-

folute elafticity to be conflant at every given eleva-

tion ;
and accordingly he hath traced the curve,

which, according to his experiments, exhibits the

laws of its variations from one height to another.

This, it muff be confeffed, was tru fling his expe-

dients too far, which were not made with the moff

accurate inflrumcnts ; and this may have given oc*

cafion to his learned countryman M. de la lande,
to fuppofe that this curve may rather exhibit the de-

viations of his experiments from the truth, than any

thing which really obtains in nature W. His general

hypothecs, however, of a difference of abfolute

elafticity, in different parts of the atmcfphere, muji

obtain, whenever the temperatures of fuch different

parts are unequal , unlefs the effeft of the inequality

of temperature were to be compenfated by the fyn-

chronous unequal operations of fome other caufe.

That it does in faft obtain, when the temperature

is unequal, is proved* beyond a doubt, inftead of

being refuted, by M. de luc’s experiments; and

this is to be confidered, as a further inftance of their

ex a ft agreement with the genuine conclufions of

accurate theory.

(r) ConnoifTance pour l’annee 1765, p. 215,

When
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When the abfolute elafticities are different at

different heights, the denfities will no longer be

proportional to the preffures ; and the change of

denfity, throughout the whole column of the at-

mofphere, will no longer be reprefented by any one

logarithmic. But to fmall diftances on one fide or

the other of different heights, it may ftill be nearly

reprefented by parts of different logarithmics. Now
this is really the cafe, according to M. de luc:
for, when the temperature, at two different heights,

hath been different, he finds, that the difference of

thoje heights will fill be expreffed in loooths

of a Paris toife, by the proceeding formula, viz.

L ± ^ L, if n be underfood to denote the dif-

ference between the conftant temperature -j- i6f,

and that which is the mean of the different te??ipe-

raturcs of the two places of obfervation h) • that is to

fay, though the temperature of that portion of the

column of the atmofphere, which is intercepted be-

tween the level of the two places of obfervation,

hath not been the fame, perhaps, in any two dif-

ferent parts
;
yet the variation of denfity and height

will be exhibited, through the whole of this final

i

fpace, without fenfibleerror, by thecurve,which would
have reprefented them firidtly, if the entire column
had been of the mean temperature of the extremes

of this portion of it ; namely, by the logarithmic,

whofe lubtangent is exprefied in loooths of a Paris

Yl

toife, by B — B, B denoting the fubtangent of

the Briggian fyftem. Imagine, therefore, that the

barometer and thermometer have been obferved at

(i) Rechcrch. fur les Modif. de 1’Atm. §. 663,

4 the
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the Tame time, at three different heights. Pat the

difference of the tabular logarithms of the heights of
the quickfilver, at the i ft and 2d elevation L j at the

2d and 3d, L". Imagine the thermometer at the ift,

or loweft height, to have been -|- i6| ; at the 2d,
i6| -{- 2 n i at the third, i6f —

2

m.

Then the difF. between i'ft and 2d elevation, er L + -dL. L
215'

between 2d and 3d, — T !

m
l_"

215

that is, the variations of height and denfity between
each two of thefe three places, are nearly exhibited by

two different logarithmics, the fubtangentsof which are

B

d

—— B; B 4- ~—** B ; therefore, the variations

of height and denfity, throughout the atmofphere,

are not reprefented by any one logiftic, when the

temperature is unequal (as they would be, if, not-

withftanding an inequality of temperature, the ab-

folute elafticities were the fame in all parts) ; but by
parts of different logiftics, at different heights; as

they fhould be when the abfolute elafticities are

different, in different parts, and can only be con-

ftdered as uniform to a fmall diftance, above or

below any height afligned.

The mention of M. bouguer occurred fo na-

turally upon this occafion, that I muft have re-

proached myfelf with an impiety towards the afhes

of a man, whofe memory will ever be dear to fcience,

had I not attempted to vindicate his conjectures

upon the point under immediate conftderation, from

an animadverfion thrown out, in very general terms,

with little tendernefs, and only juft in part. At

5
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the fame time, I have pointed out, in what his

principal miftakeconfifts ; which war, as M. de luc
well observes, that, inftead of feeking a rule which

fhould be general for ail heights, and vary at every

height, in proportion to the temperature, he fet him-

felf to find one which fhould be general for all tem-

peratures, at a particular elevation. The confequence

likewife, which he would have deduced from the

unequal elaflicity of the particles of the air, that

the lead elaftic would be driven to the bottom, was
undoubtedly erroneous. The excefs of temperature

may fail fometimes in the lower parts of the at-

mofphere, and fometimes at greater heights ; and
where the greater temperature is, there, creteris

paribus, the elaflicity will be greater. The argu-

ment, which M, de luc directs again ft the exiftence

of fenfible inequalities of elaftic force in aggregate

mafles of the atmofphere, derived from the fup-

poled effect of the winds, throughout all the re-

gions expofed to their agitations militates only

againft the probability of permanent inequalities in

given places, arifing from fuppofed fpecific differences^

in the original conftitution of the particles of the

air; not againft fuch temporary inequalities, as we
afcribe to the occafional energy of extraneous caufes^

An inequality of temperature undoubtedly exifts,

in aggregate mafles, more frequently than the op-

polite. And from an inequality of temperature,,

whether in the aggregate or the difcrete, necefla-

rily follows, for the time, an analogous inequality

of abfolute elaftic force.

(/) Rechercb. fur ks Modif. de l’Atm. §- 328.

Having-
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Having now fufficiently explained, what the cor-

rection is, for a variation of the temperature of

the air, and whence it arifes, I proceed to reduce

M. de luc’s formula to bird’s Fahrenheit, and a

fcale of English fathom.

SECTION FIFTH.

M. de luc’s rules reduced to English scales.

THE whole of this reduction I divide into

three problems.

PROBLEM FIRST.

*To find the length of the fubtangent of the at-

mofipherical curvey in thoufiandths of a Paris toife, the

mean temperature of the air being given in degrees of
bird’s Fahrenheit.

BY the com pari fon of M. de luc’s fcale with

bird’s Fahrenheit, it appears, that -{- i6|

of the former correfponds to -j- 69,25 of the lat-

ter. Hence 69,25 is the temperature in bird’s

Fahrenheit, in which, the fubtangent, of the at-

mofpherical curve, is equal to fo many ioooths

of a Paris toife, as are expreffed by B, the fub-

tangent of the Briggian fyftem. But the atmo-

ipherical fubtangent is increafed or diminifhed by

— of this quantity for every degree of M. de luc’s
<2i S

fcale
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fcale, above or below this given temperature ; and a de-

gree of M. de luc’s fcale is to a degree of bird’s Fah-

renheit as 178 to 80. Therefore, the fubtangent varies

by __8

tt of the fame quantity, for every degree of

bird’s Fahrenheit, above or below the given tempera-

ture. Hence, if n denote the difference of the tem-

perature of the air, or, in the cafe of unequal tem-

peratures, the difference of the mean of the tem-
peratures of the two ftations, above or below 69,25

in degrees of bird’s Fahrenheit; then, B=t B

is the length of the fubtangent in ioooths of a

Paris toife : that is, the fubtangent of the atmofphe-

rical curve, in the temperature 69,25 ± n, is to fo

many ioooths of a Paris toife, as are expreffed by
the modulus of the Briggian fyflem, as 3827 ~t iTxg

to 3827.

PROBLEM SECOND.

To determine the temperature, in which the length

of the fubtangent of the atmofpherical curve is ex-

preffed in thoufandths of an Englifh fathom, by the

fubtangent of the Brlggian fyflem,

FROM the number 69,25 fubtracl the 8th part

of the number, to which 3827 bears the pro-

portion of 10000 to 617 ; that is, from 69,25 fub-

traft 29,51 ; the remainder 39,74 expreffes the re-

quired temperature, in degrees of bird’s Fahrenheit.

For, let S, £ reprefent the fubtangents, of the

atmofpherical curves in the temperatures 69,25 and

69,25— 29,51, refpe&ively.

Vol. LX IV. L 1 Then
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Then S : s — 382 7 : 3827— 29,51 x 8 (by prob. i.)

But 3827: 3827— 29,51 x 8 = 10000: iocoo— 617 =: 10000: 9383.

Therefore, S : £=: 10000
: 93 83; that is, as one Paris

toife to one Englifh fathom. Therefore,

whatever multiple S is of the Paris toife, or

any part thereof, the fame multiple is £ of

the Englifh fathom, or its like part. And the

length of S is expreffed in loooths of a Paris

S £ toife, by the number which is the modulus of
the Briggian fyftem (by prob. i.)j therefore,

the length of £ is expreffed by the fame number,

in loooths of an Englifh fathom.

PROBLEM THIRD.

Tofind the equation for every degree of bird’s Fah-
renheit in the mean temperature of the air

,
above or

below 39,74.

CALL the variation of the length of the fub-

tangent, correfponding to an increment or de-

crement of one degree of bird’s Fahrenheit, V ; and

let S, £, as before, reprefent the fubtangents cor-

refponding to the temperatures 69,25 and 39,74.
Now V : S — 8

: 3827 (by prob. 1.)

And S:2=( 3827 : 3827 — 29,51 x 8=) 3827 13591 very nearly (by prob. 1.)

Therefore, V : £— 8
: 3 5 9 1

.

g
that is, V=z~ £. (= £ nearly).

Hence the length of the fubtangent of the atmo-

fpherical curve, in any temperature, 39,74 ± n is

to its length in the temperature 39,74 as 359 1 ± 8 x n

to 3591 i that is, putting B for the fubtangent of

5 the
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theBriggian curve, B =s= —^ B is the length of the

fubtangent of the atmoijpherical curve, in ioooths

of an Englifh fathom. And putting L for the

difference of the tabular logarithms of the obferved

heights of the barometer, at two flations, cor-

rected by the equation for the temperature of the

quickfilver, and n for the mean difference of the

temperatures of the air, in degrees of bird’s Fah-

renheit, above or below 39,74, the difference of

the elevation of the two ftations, is expreffed in

1 cooths of an Englifh fathom by L dr
I

n X 8

3591
L.

Upon thefe principles I have made a table, by
ti x 8

which the equation L may be computed for any

temperature not above 4- 8o, nor below o of bird’s

Fahrenheit, and for any height lefs than 10000
fathom.

It hath already been remarked, that the tempe-

rature of the quickfilver, in the portable barometer,

may happen to be very different from that of the,

air, at the place and time of oblervation. For this

reafon, M. de luc advifes, that every portable

barometer fhould be furnifhed with two thermome-
ters; one fixed to the frame of the barometer, to

indicate the temperature of the quickfilver
; another,

to be expoled, at the time of obfervation, to the

open air. The ufe of the annexed tables might be
anfwered by a particular divifion of the fcales of

thefe thermometers. The thermometers which ac-

company the two barometers, made for the fociety,

by Mr. edward nairne, under my directions,

L 1 2 are



[ 260 ]

are bird’s Fahrenheits ; but, to the fixed thermo-
meter, I have had a particular fcale applied, in

which the fundamental interval, between melting ice

and bird’s boiling point, is divided into 81 equal

parts. The equation for the temperature of the quick-

filver is one fathom for ever)/ degree, of this fcale, in

the difference of temperatures. The thermometers,

for the temperature of the air, have each a fcale, in

which the fundamental interval between melting

ice and bird’s boiling point, is divided into 120
equal parts. The point of o is placed at the 5th

of thele divifions above melting ice. If n be the

mean height of the thermometer, in degrees of

this fcale, at the two flations, the equation for the

temperature of the air is — L. -|- or—
,
according

as n is pofitive or negative.

The place of the point of o upon the former

fcale is indifferent. It was put very low, that the

temperatures of the quicklilver, at both flations,

might always be above it. The computation, how-
ever, is rendered eafier by the tables now given,

than it can be by any fuch peculiar divifions of the

fcale.

It is to be particularly obferved, that M. de luc
always expofed the thermometer, by which he mea-

fured the temperature of the air, to the fun, if it hap-

pened to fhine; but then the ball of his thermometer

was always quite detached from the frame, which is a

neceffary precaution in this manner of ufing it. If

the temperature of the air were meafured by a ther-

mometer, expofed in the fhade, I cannot but think

the quantity of the equation would be different.

His
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His reafon for not (hading his thermometer from

the fun, was this : when one fide of the ther-

mometer is expofed to the fun’s rays, the other

is in its own fhade ; therefore, in this fituation,

he thought it the juft meafure of the mean tempe-

rature of the air, which is neither the temperature of

that part on which the fun’s rays fall, nor of that

from which they are intercepted, but lefs than the

one, and greater than the other, or a mean between
the twoW. I confefs, I fhould have expedfed an
irregularity, from heat excited by the rays of light,

in their paflage from the air into the glafs, and
from the glals into the quickfilver; and fhould

therefore have expofed my thermometer in the

fhade ; but the fuccefs of M. de luc’s experiments-

feems fufficiently to juftify the method he hath
taken.

I fhall clofe this fedtion with a brief folution of

two phyfical problems, for which this feems the
proper place.

PROBLEM FOURTH.

To compare the denjities of the air, at any given

elevation above the Jurface of the earth, in different

temperatures.

I
F the barometer hath been obferved, at any
given elevation above the earth’s furface, in differ-

ent temperatures, reduce the obferved heights of

(«) Recherch,. fur les Modif. de l’Atm. §. 533—536.

the
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the quickfilver to a common temperature, if the

temperatures of the quickfilver, as well as the air,

have been different, at the different times of ob-
lervation. Find the fubtangent for each tempera-

ture of the air (by problem 3d) 3
divide the cor-

rected heights of the quickfilver by the fubtangents

correfponding to the obferved temperatures of the

air. The quotients are as the denfities in thefe

temperatures refpeCtively 3 that is, calling the heights

of the mercury reduced, P, n ;
the temperatures,

T, 0 3
the fubtangents, S, £ 3 and the denfities,

p n
D, A, D : A — ? '• “• For the denfities are as the

compreffive forces direClly, and the abfolute elafti-

cities inverfely (by fedtion 4th) 3 and the abfolute

eladicities are as the fubtangents (by feCtion 4th) 3

whence the truth of the rule is manifeff.

The mod convenient method, however, for practice

will be, to make the denlity of the air, in fome given

date of the barometer and thermometer, a dandard,

with which to compare the denfities in all other dates

of thefe indruments. Suppofe, for inftance, at the

level of the fea, 30 inches be taken for the dandard

height of the barometer, and -(- 4° for that of

the thermometer. Let D be the denfity of the

air, at the level of the fea, when the barometer

is 30 inches, and the thermometer -\- 40. Put

P= 30 inches, and S — the fubtangent of the lo-

gidic correfponding to the temperature -j- 4°* Now
in another temperature 40 -4- n, let the fubtan-

gent be S -4- - S. And let the height of the baro-

meter P be changed into P -4- - P 3 and let A be

the

1
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the denfity at the level of the fea, in the tempera-

ture 40 n, and height of the barometer, P -4- - P.

Then the difference between A and D, or A— D,,

will be D X——rr- Where obferve, that b is

pofitive or negative, according as n is pofitive or

negative.

By this problem, the denfities of the air at a given

height, in different temperatures, are to be compared

with each other. Even good writers have hitherto

been generally run away with by a notion, that the

air’s denfity, at a given elevation, at different times,,

would be always truly meafured by the length of

the mercurial column ; than which nothing can be

more erroneous, as hath been at large explained

in the 4th fed ion.

PROBLEM FIFTH,

The height of the quickflver in the Torricellian

tube
,
and the temperature of the air being given , at

a given elevation , above the level of the Jea, to com-

pare the denfity of the air with that of the quick/ilver,

at the time and place of obfervation,

LET TA reprefent the femi-diameter of the

earth 5 T being the center, and A at the furface.

Let B be a place at a given height, AB, above the

furface. Let CD be the obferved length of the

quicktiiver in the Torricellian tube, at the place B,

in a given temperature of the air. It is required to

find
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BDF find the proportion between the

G N denfity of the air, and that of

the quickfilver, the obferved tem-
perature being fuppofed to obtain

uniformly throughout the whole
atmofphere

; or at lead:, through-

EHM out a great portion of it, on all

fides of B.

Suppofe it done ; and that the

denfity of the air, at the time

P and place of obfervation, is to

the denfity of the quickfilver

R ——-* in the barometer, as the right

S —- line CD to EF. Now the

temperature of the air being gi-

ven, the fubtangent of the lo-

giftic correfponding to the gi-

ven temperature is given (by prob. 3d). Let GH be

equal to that fubtangent; and iet KL be the perpen-

dicular height of the mercurial column fupported

in the barometer at A, the earth’s furface, at the

time of obfervation at B. Now fince EF is to CD
as the denfity of quickfilver, in the barometer, to

the denfity of the air at B, and CD is the per-

pendicular height of the column of quickfilver

fuftained in the Torricellian tube at the place B, at

the time of obfervation, it is evident, thatEF is the

perpendicular height of a column of an inelaftic

fluid, of the fame denfity with the air at B, which,

if it were urged with an accelerative force through

its whole length every where equal to that of gra-

vity at B, would, by its compreffive force, fuftain the

mercurial column CD : for the accelerative forces

fuppofed
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iuppofed to a£t upon the fluids in the columns EF,
CD, being equal, and the heights of the columns

being, reciprocally, as the denfities of the fluids, the

compreflive forces of the columns will be equal.

B-ut GH is the perpendicular height of a column of

an inelaftic fluid, of the fame denfity with the air at A,

the level of the fea, which, if the whole were

urged with an accelerative force equal to that of

gravity at A, would fuftain the mercurial column
KL (by fe<ft. 4). Suppofe MN equal to the per-

pendicular height of a column of an inelaflic fluid, of

the fame denfity with the air at B, which, if the

whole were urged with an accelerative force, every

where equal to that of gravity at A, would fuftain

the mercurial column CD. It is evident that EF is

to MN as the accelerative force of gravity at A to the

accelerative force of gravity at B; for EF and

MN are columns of fluids, of the fame denfity,

exerting equal compreflive forces. Therefore,

the heights of the columns muft be reciprocally

as the accelerative forces by which the compreflive

force is produced. But gravity at A is to gravity at B
as the fquare of TB to the fquare of T A. There-
fore, EF : MN= TB 1

: T A\ Again, GH and
MN are columns of fluids of different denfities,

afted upon by equal accelerative forces j therefore,

the compreflive forces which they exert, that is,

which they fuftain, will be as their heights and the

denfities of the fluids jointly ; that is, if P, Q^be as

the compreflive forces of thofe fluids, and R, S as

their denfities, then PiQ^GHxRiMNxS.
But the compreflive forces fuftained by thefe co-

lumns are the preffurea of the air at A and B; alfo

Vol, LX1V. M m the
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the denfities of the fluids are the denfities of the air

at A and B. Therefoft'the compreffive forces are as

the denfities; that is, P:Q= R:S. Therefore
GHxR:MNx3r?R:S. Therefore GH and -

MN are equal. Therefore EF :GH = EFrMN;
but it hath been fhewn, that EF :MN=TB 2

: TA\
Therefore EF :GH=T B- : TAV But A B being

given, • TB is given, and the proportion of the

iquareofTB to the fquareof TA is given. There-
fore the proportion of EF- to GH is given. And
GH, is given as hath been fliewn. Therefore EF
is given, and the proportion of the given line EF to

the given line CD, or of the deafity of the quick-

filver to thedenfity of the air, at B, is given. QJE, h •

COMPOSITION^-

Find the fiibtangent GH competent to the given

temperature; find a line, EF, to which that fub-

tangent fhall bear the duplicate proportion of TA
JO TB; that is, of the earth’s femi-diameter to the

earth’s femi-diameter increafed by the given eleva-

tion of the place of obfervation, above the level of

the fea. As that line EF to the obferved height'of

the Quickfilver, fo is the denfity of the quick ftlver,

in the barometer actually employed, to that of the

air, at the time and place of obfervation.

Thus the fpecific gravity of air may be found, com-
paring it with quickfilver, and by means of quick-

filver with other fluids. Though- it is only the moflT"

fimpie cafe of this problem that can ever come into

practice, I chofe to difcufs it in its moft general ex-

tent v
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tent ; as this is the only one method \tfhich gives

entire fetisfadtion to the- mind.

SECTION SIXTH.

I
HAVE now gone through the expofition and

reduction of M. de luc’s rules, for meafuring

heights by the barometer. The confonance of them
with theory appears, upon a ftridt examination, to

-be fuch, as ftrongly confirms the principles, upon
which the theory is founded. 1 (hall conclude thefe

fdifquifitions, with pointing out fome further objedts

of enquiry., concerning the modifications of the at-

:tnofphere, naturally arifing out of M. de iuc’s
difcoveries, in conjunction with the theory already

cftablifhed.

i. It is probable, that the abfolute elaJHcity of
the air may be ajfedled by various caufes befdes

heat . The degree of humidity muft occur to every

one, as a circumftance, which may reafbnably be

Cufpedfced to have feme influence upon it ; and, per-

haps, the ftate and quantity of -the eledtricity of the

air may have more.

2 . If M. de luc’s formulae are to be admitted

as univerfally true, in all imaginable temperatures,

• there is a given temperature in which the elafticity

of the air would be dejlroyed, and, in any lower tem-

perature, it would be negative ; that is, the re-

pulfion would be changed into attraction. This
given temperature is, — 409*13 of bird’s Fah-

renheit; for if B 4“ B, be the length of the

Mm 2 fubtangent
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fubtangent of the atmofpherical curve, in roooths of

an Englifh fathom, whatever be the value of n, then,

8 x w
when n = — 448,875, B— n= o 3 that is, the

fubtangent vanifhes ; and the abfolute elaftic force,

which is always as the fubtangent (by §. 4.) muft
vanifh with it 3 but when n =.— 448,875 the tem-
perature is — 409,13.

Perhaps it may be thought more probable, that

the variation of the fubtangent, or of the elaftic

force, is not precifely as the variation of tempera-

ture. If the fubtangent changes in a geometrical

proportion while the temperature, as fhewn by the

thermometer, changes arithmetically, the fubtan-

gent, or the abfolute elaftic force, will not vanifh

with any affignable decrement of temperature
5
and

in that temperature, in which it fhould vanifh, ac-

cords to M. de luc’sformula, it will ftill remain

more than JL.ths of what it is in the temperature

39,74 ;
and yet the equation, for an increment

or decrement of temperature, amounting to 40°,

will not differ from M. de luc’s by more than four

fathom in the height of 1000. I muft repeat, that

I am now only pointing out the conclufions of

theory, as hints of further enquiry. I do not mean
to fubftitute this hypothecs as more accurate than

M. de luc’s in practice 3 I do not affirm, that it is

more true in theory. I mean only to foggeft, that

if M. de luc’s formula are admitted as mathe-

matically true, a confequence will follow, which

may feem to fome unlikely to obtain in nature.

That however this confequence, if otherwife im-

probable (which is not the opinion to which, for,

my
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my own part, I incline) is not to be too hadily

adopted, upon the bare evidence of its arifing out

of M. be luc’s formula j becaufe the general ex-

tent of thele jormulre is more than experiment hath

hitherto proved. And I (hew, by a very dmple
inftance, that it is eafy to imagine other laws, be-

tween the temperature and the eladicity, which,

to all practical purpofes, would be the fame as

M. de luc’s, within the utmofl limits of his ex-

periments, and even beyond them, and yet differ

from it in remote confeauences.
x

If M. de luc’sjormulce be univerfally and ftrifHy

true, the confequence I have pointed out muft be ad-

mitted ; and it will follow, that the force of eladicity

owes its firft production and origin to temperature : or,

at leaf!:, that the relation between heat and eladicity,

if not the mod: intimate one of caufe and effect, is that

which flands the next in the fcale of natural affi-

nities, namely, that they are infeparable effects of

fome common caufe. And thefe conclufions will

hold, if the form of the general expredion be true.

though the quantity of the equation

require a correction : for

n x 8
B fhould

T 5 "STT

,

359 1

a change ot the fraction

will only alter the particular temperature, in

which the fubtangent and elaflicity vanifh.

3. The diminution of the airs dcnfty , as we
ascend from the fnrface , is fubjedt to a limit. This
limit is different, in different heights of the baro-

meter, at the level of the fea, and even in a

given height of the barometer, in various tempe-
ratures. Bui the dendty even at an infinite height is

never o, or infinitely lmall. In fig. 1. through

C draw
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C draw CF, parallel to AD, meeting the atmofphe-
ricai curve in F. CF is the denfity of the atmo-
fphere, at an infinite height (by p. 23 1). The pro-

portion of CF to the denfity at the level of thefeais

given in any uniform given temperature of the air.

For the uniform temperature being given, thefubtan-

gent of the curve DF is given; and confequently,

the proportion is given, of which the given line

CA is the logarithm. The diminution of com-
preffive force is fubjed to a correfponding limit.

This curious circumftance hath been remarked
by no one, that I know of, but Dr. brooke
taylor, whofe writings are too little attended

to, even among mathematicians, from an opinion

which prevails of their obfcurity. That confummate
geometer feems indeed to have thought it im-
probable, that a finite denfity of the atmofphere, at

infinite diftances, though the neceflary confequence of
the theory, fhould actually exiff ; and, for this reafon,

he would imagine fuch a law of the elaftic force, as

;

fhould render the denfity of the atmofphere, beyond a

certain height, much greater than in proportion to the

comprefiive force; and circumfcribe the whole within

narrow limits And if the theory inferred a great

denfity at infinite or even at great heights, fuch a den-

fity as would fenfibly difturb the motions of the pla-

nets, it would be neceflary to have rccourfe to fome
fuch hypothefis ; but, as this is not the cafe, I fee no
fuch neceflity. I know not, for what reafon, mathe*»

maticians have been afraid to admit the infinitude of

the atmofphere of the earth ; whether they thought

it would bear hard upon the Newtonian do&rine

(w) Method. Increment, prop. a6. Scholium.

j of

/

v
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of a void ; or, that it implied the infinitude of

matter. But neither the one nor the other of thefe

confequences is to be apprehended : for neither the

phenomena of nature, nor the principles of the New-
tonian philofophy, require, that there fhould be any

where a great chafm in the univerfe; or that the

whole material world fhould be actually circumfcribed

within any finite fpace. A large proportion ofpore, or

interfperfed vacuity, is fnfficient for allpurpofes. Nor
doth an abfolute infinity of matter by any means follow

from the hypothefis of an infinite number of finite

mafifes j and an infinite number of finite maffes is all

that is implied in the notion of a rare elaftic fluid,

diflfufed throughout infinite fpace. 1 agree, indeed,

with Mr. cotes, that there are no data from which
any great altitudes of the atmofphere can indubitably

be concluded, in the way of experiment : but 3 do con-

tend, that there are no data
,
from which the fuppoli-

tion of its infinite height can, in the fame way, be

difproved. And this may jufily be held more pro-

bable than the contrary, as being the confequence of
a theory which hath never yet, in any infiance*

proved fallacious; and this I venture to afifert, with

the lefs heiitation, as, befides the evident reafon of
the thing, the great authority of newton is on my
fide. The infinite extent of the earth’s atmofphere

is manifeftly fuppofed, in that fubtle difquifition con-

cerning the tails of comets, which occurs Tn the

polihumous work De Sy/lemate Mundi. Inftead of
framing hypothefes, therefore, to remove imaginary

difficulties, 1 fhall purfue the theory as far as it will

lead ; and my next fiep fhall be, to exhibit the
fucceffive rarefadions of the atmofphere, as we
alcend from the earth, in a table.

Heights



Heights

in miles

o,coo 00,0

0,01 40,0

0,02 80,8

0,03 1 22,6

0,04 165,0

0,05 COO

0,06 - 252,1

0,07 298,2

0,08 344>5

0,09 39 1 >9

0,10 44°. 3

0,11 4 89>7

0,1 2 540,6

0,20 990,6

0,30 1698,1

0,40 2641,7
Semidiameter.

0,50 1,00

0,60 1,50

0,70 2J

0,80 4,o°

0,90 9,00

CO
OnQ 49,00

0,9836 -p 62,00

1,00 Infinite.

I

3069

69],

3069!

3069

1

3069]

3069 1

.

3069 V

[

Volume.

3 C

3069

1

3069'

3069I

3009I

3 o69
]

,

272 ]

This table [hews the

rarefactions cf the atmo-

fphere at different heights,

above the furface of the

earth, upon a fuppofiti-

on, that the temperature,

throughout the whole, is

that which is indicated by

-j- 40° of bird’s Fahren-

heit. The middle column
fhews the heights above the

furface, correfponding (ac-

cording to the confiruc-

tion of the atmofpherical

logarithmic, §. 2) to the

decimal parts of the earth’s

femi- diameter expreffed by

the numbers in the firfl:

column j
and in the third

the correfponding rarefac-

tions, or the proportions of

the lpaces which a given

quantity of air would occu-

py at the different heights,

are expreffed by the powers

of the number 3069.
The principle and method of the conftrudtion of

this table is obvious. I compute the length of the

mean femi-diameter of the earth in thoufandths of

an Englifh fathoms. I divide that number by 100.

The quotient is the tabular logarithm of the 100th

root of a number, which is to unity, as the denfity

at the furface to the denfity at an infinite height, in

the

^40
3069)

306 o|
S °

6°

70*
1 7

3OO9I

3069]

3069J
90

3069

1

98

^T’36+

3069-
100
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the temperature fuppofed ;
or, which is the fame

thing, as the fpace occupied by a given quantity of

air, at an infinite height, to the fpace occupied

by the fame quantity, at the furface. This root

I call the radical number. Then, imagining the

earth’s femi-diameter, divided into ioo equal parts,

and numbering thofe parts i, 2, 3, &c, down-
wards, towards the center, I compute the heights,

above the furface, correfponding to thofe parts

fucceffively, according to the conftrudtion of the

atmofpherical logarithmic, §. 2 ; and, writing the

refulting numbers in the fecond column, in the third,

I write the powers of the radical number, increafirig

by unit, in regular fucceffion down-wards.

The proportion in which the atmofphere will be

rarefied, at given heights above the furface, will be

very different, in different temperatures. It may
always be exhibited by a table of this form, but

every different temperature will have its own radical

number. The radical number, in the temperature

-q- 40, is 3069 ; and, for any other given tem-

perature, may be thus found. Call the tabular loga-

rithm of 3069, y ; and let n be the number of

degrees of bird's Fahrenheit, in the difference

between the given temperature, for wrhich the ra-

dical number is to be found, and 4- 40. Then

y rh — y will be the tabular logarithm of they
449 =F n J 0

radical number, for the temperature afilgned : ob-

ferving, that n is to be pofitive or negative in the

denominator of the coefficient —— , according as

Vo l. LXIV. N n
49 ~

”
the



[ 2 7+ 3

the given temperature is greater or Iefs than -j- 40 ;

and that the term — -
y is negative when n in the

denominator of its coefficient is pofitive, and vice

verfa. Thus the radical number, for the tempera-

ture o, is 673 1 ,2

This table is not intended for any practical pur-

pofes j but merely for fpeculative amufement. They,

who take delight in the contemplation of final

caufes, will remark, with admiration, how large a

part of the whole rarefaction of the atmofphere is

performed on this fide of the moon. Indeed there is

comparatively but a very fmail part performed be-

yond it : fo that the moon revolves at a difiance

where the refiftance, from the earth’s atmofphere,

is reduced almod to its minimum . For if we ima-

gine a feries of quantities, confiding of 101 terms,

decreafing from the firfl continually in geometrical

proportion j and fuch, that the fird and greated

lhall be to the lad and lead, as the denfity of the

atmofphere, at the earth’s furface, to the denfity at

an infinite didance ;
the denfity, at the mean

didance of the moon, will be lefs than the 99th of

thefe, or the lead but two.

4. An increafe of temperature rarefies the lower

regions of the atmofphere,
tnore in proportion than

the upper, and brings the conjlitution of the whole

nearer to that of an uniform denfity. Though the

effect of heat alone, upon every orb of the atmo-

fphere feparately, is to rarefy each, perhaps, propor-

tionally, yet its operation upon the different orbs

is fo modified, by the different degres of preflure

they
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they fuftain, and by the communication between
them, that the greater the temperature of the

atmofphere, though uniform throughout, the lefs

will the proportion be of the denfity at any
given height to the denlity at any greater given

height. For the greater the temperature, the greater

the fubtangent ; and the greater the fubtangent, the

lefs the proportion of AD to CF, of which the

given line AC is the logarithm.
(
'Vid

.

fig. i.)

5. If at any height above the furface of the earth

a given alteration of temperature diminif the airs

denfity in thefame proportion, as it increafes the abfohtte

elaficity ,
or vice vexia, the preffure of the fuperin-

cumbent atmofphere ,. at that height, will remain

unchanged. At all lower heights
,

the preffure will

be lefs, than in a cooler condition of the atmofphere ,

and greater at all greater heights. On the contrary ,

the preffure at all lower heights will be greater than

in a warmer condition
,
and at all greater heights lefs.

For let CA (fig. 2.) reprelent the lemi-diameter of the

earth, the curve DEF the atmofpherical logarithmic

for a certain temperature, and G H K the loga-

rithmic for -another greater temperature. Let the

ordinates of the two curves AD, AG be as the denfi--

ties, at the earth’s furface, in the different tempera-

tures, to which the curves belong, refpedively. Thera

it is evident, the ordinates jGE, /3H, drawn through

any other point /3 in the afymptote, will be as the

denfities, at the height to which A/3 eorrefponds, in

the different temperatures, refpe&ively. Now, fup-

pofe that the denfity of the air, at the height B*

in. the greater temperature, is lefs than the denfity at

N n 2 the
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the fame height in the cooler temperature, in the fame

proportion, as the abfolute elafticity in the greater

temperature exceeds the abfolute elafticity in the lefs.

Then I fay firft, that the preffure of the fuperincum-

bent atmofphere at B, is the fame in both tempera-

C A*
tures. For take C/3 = and draw the ordinate

/3E, cutting the curves in E and H, and through E
and H draw tangents to the curves, EL, HM, meeting

the common afymptote, AC, in L and M. Now the

fubtangents /3L, jGM, are as the abfolute elafticities in

the different temperatures (by p. 250 .). And /3E, /3H

are as the denfities at B (by conftrudtion). Therefore

/3H : /3E=:/3L : jGM. Therefore /3 H x jQM
rr /3E x /3L. But the redtangle /3E x /3L is equal

to the area intercepted by the ordinate jGE, the curve

EF, and the alymtote /3C, infinitely produced.

And the rectangle /3Mx/3H is equal to the area

intercepted by the ordinate (3 H, the curve HK,
and the afymptote

/
3 C infinitely produced. There-

fore thefe areas are equal. And thefe areas are as

the preffures of all the atmofphere above B, in the

temperatures to which the curves belong, refpec-

tively. Therefore the preffures in thefe different

temperatures are equal. ^ E. D. I fay further,

that the preffure of the fuperincumbent atmofphere,

at any height below B, is lefs in the greater tempe-

rature than in the cooler. Let AP be any height
C Aa

lefs than B, and take C
ft
—

yy, and draw the or-

dinate pN, cutting the curves in the points N and O.
-Now/N, /3E being as the denfities at.P and B, in

5 the
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the- cooler condition of the air, and^>0, jGH as the'

denfities at the fame heights P and B,. in the in-

ereafed temperature, pO is lefs than to bear to /SH,

the proportion of pN to jQE (by 4th of this) :

and, by permutation, pO is lefs than to bear to/>N
the proportion of /3H to /3E, or of /3L to /3M-
Therefore p O x 13M is lefs than/>Nx/3L$ that is,

the area intercepted between the ordinate p O, the

curve OHK,and the alymptote pC infinitely pro-

duced, is lefs than the area intercepted by the ordi-

nate pN, the curve NEF, and the afymptote pQ.
infinitely produced. But again, thefe areas are

as the prefiures of all the atmofphere above P, in>

the temperatures to which: the curves refpectively

belong j therefore, the prefiures in the greater tem-
perature, to which the ‘turv.e OHK belongs, is lefs.

than the prefiure in the cooler temperature, to which
NEF belongs, ijh E. D. In like manner it may
be (hewn, that the prefiures in the warmer tempe-
rature, at all heights above B, are greater than in.

the cooler.

And thus theory might have brought us to ex-
pert a phaenomenon, which M. de luc hath actually

obferved, and was not a little furprifed at.. For if

the temperature of the atmofphere be at any time

gradually augmented, a barometer, placed below the

height of ftationary prefiure,, will fink, while ano-
ther, placed higher up in the atmoiphere, will rife,.

This is what M. de luc hath obferved in two ba-

rometers at the foot and fummit of a hill, in fettled,

weather, while the natural heat of the day hath,

been upon the increafe;. from whence he, with.

reafon,,
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reafon, concludes, that between thefe two fta-

tions, where the preffure was changing, at the fame

time, contrary ways, there mull; have been an inter-

mediate one, which I call the height of ftationary

prelfure, where no change, in either fenfe, could

take place.

I lhall hereafter Ihew, at what height the place

of unaltered preffure fhould fall, by theory, for

every change of temperature. It feems a problem

worthy of a naturalill:, to enquire how far theory

doth, in this circumftance, agree with the real ope-

rations of nature.

6. It may feem, perhaps, hill more furprizing,

but it is no lei's true, that there will generally be a

particular height in the atmojphere where the derifity

will remain unchanged, by a given change of tempera-

ture. To determine in what changes this will hap-

pen, and at what height the place of unaltered

denfity, for given changes of temperature, Ihould

fall, requires only the folution of the following

problem.

PROBLEM FIRST.

To find the interfeBion of two logarithm cs, which

; have a right line given in pofition for their common

ajpnptote, and theirjubtangents given in magnitude ;

an ordinate in each curve
,
drawn at right angles

with the common afymptote, through agiven point in it,

being ciljo given in magnitude.

IMA-
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I
MAGINE two logarithmics, CDE, FDG (fig.

3, 4, 5, 6.), having the right line AB, given in

pofition, their common afymptote
; and fuppofe

the fubtangent of each curve given in magnitude.

Through a given point A, in the common afymptote,

imagine the right line AC drawn, an ordinate at right

angles with the afymptote, meeting the curves in C and
Fj and let AC, AF be feverally given in magnitude.

It is required to find the point where thefe curves

interfedt. Suppofe it done, and let D be the inter-

feftion. Draw D L perpendicular to A B. Through
F, the point where AC meets one of the curves

FDG, draw FM parallel to A B, meeting the other

curve CDE in M. DrawMN perpendicular to

A B, and take AH, AK equal to the given fub*

tangents of the curves, CDE, FDG, relpe&ively.

Now AL is the logarithm of the ratio of AF to

L D, in the fyftem of the curve F D G; and (becaufe

NM=:AF)NLis the logarithm of the fame ratio
,

in the fyftem of the curve CDE. Therefore,

AL :LN =: AK: AH. Therefore the proportion

of AL to LN is given j and confequently, that

of AN to A L is given. But AN is given in mag-
nitude. For AC and AF are given in magnitude
(by hypothefis), Therefore, the proportion of AC to

AF or NM is given
; and AN is the logarithm of

that given proportion in the fyflem of the given

curve CDE. But AN being given in magnitude,

and the proportion of AN to A L being given, AL
is given in magnitude. And it is given in pofition,

and the point A is given (by hypothefis). There-
fore the point L is given (by 27. dat.). Therefore,

LD,

4
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*LD, being perpendicular to AL, is given in pofition

((by 30. dat.). But AL being given in magnitude,

the proportion of AF to LD is given (by loga-

rithms). And AF is given in magnitude. There-

fore LD is given in magnitude. Therefore the

point D is given, E. I.

The conffru&ion is obvious. It is evident, that

the points L and N are on the fame fide of A, if

F be at the greater curve, as in fig. 3 and 4; but

on different fides of A, if the curve to which F
belongs be the lefs, as in fig. 5 and 6

The calculation of the lengths AL, LD, by
•means of the logarithmic canon, is very fimple.

Putting B for the fubtangent of the Briggian

fiyftem, L for the tabular logarithm of AC, and D
for the difference of the tabular logarithms of x^C,

AF, we (hall have,

Firff, AL = A H x AK x l)

B xKH *

And again, L =j= - = tab. log. of L D.

In this fecond exprefiion, the fecond term is nega-

tive, if the greater of the given ordinates belong to

the lefs curve, as in fig. 3 and 5 ;
but pofitive if

the greater ordinate belong to the greater curve, as

in fig. 4. and 6.

Both thefe theorems are fo eafily derived from

the preceeding analyfis of the problem, that it is

needlefs to add the fynthetic demonftration ; but

they may be reduced to more commodious forms for

practice by the following artifice.

(*) By the greater and the left curve I mean that which hath

•the greater or the lefs fubtangent.

Firff,
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Fir ft, if AH be left than B, and AK, greater,

put AHrB—
^
B» nnd AK^B + ^B. Then HK=J~+^B..

And fubftituting thefe values for AH, AK, and
FIK, refpe&ively, we fhall have, by the theorem,
for AL,

q t + q f— tp— piAL
qs -f tp

D.

And hence if t — q, AL =: - D X I — -•
2

p + s q

2. If AH and AK both exceed B,

put AH-B+ - B, and AK=B;+- B. Then H,K_
q

5
t <1

In this cafe AL =: D.qs— tp

And if t =r AL — r/-- Dx i -f
i— p q

3. Again, if both AH and AK be lefs than B,

put AHzzB— - B, and AKrB- - B. Then, HK= ---?B.
q t q s

And fub.ftitucing thefe values,AL

AL >“>x.

__qt—qs—tp -f-ps

tp—qs

i

D ; or if t— q t

And, by the theorem, for LD, we fliall have by
due fubftitution, in the firft cafe,

JL 3;
qs -f qt

v + tf
D = ‘*b - kg- LE) i or. tf l = q,

L D = tab. log. LD.

Vol; LXIV. O G In
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In the 2d cafe, L - 1£±£ D=tab. log. LD ; or, ift=q,

L *= *— D = tab. log. LD.

In the 3d cafe, L=j=t^-iiD=tab.log.LD; or, if/— 7,tp— qs 0 2 5

L =f ~~ D = tab. log. LD.

The formula in which ^ and t are equal, will

be of particular ufe in the application of this theory

to the atmofphere, of which examples will fhortiy

be given.

In Cafe 1, if ^ = o ; that is, if AH — B,

AL = D x rP#
s

and L + Dxi+| = tab. log. LD.

But if — o, AL — D “ T *

y

and L D x - — tab. log. LD.

cor. The interfeftion of two logarithmics being

given, which have a right line given in pofition for
their common ajymptote, andfubtangentsfeverallygiven
in magnitude to find the point in the common ajymp-

tote,
through which the ordinate,

drawn at right angles

with the ajymptote, is cut by the curves in a given pro-

portion
,
and to afiign the magnitude of eachfigment

,

is the converfe of the foregoing problem ; and the

fame principles lead to its folution. For fuppofe

A the point required. The proportion of AC
to
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to AF being given (by hypothefis), the length of
AL will be given, from the fame analyfis as before.

But D being given, and the right line AB given

in pofition, LD is given in pofition and magni-
tude ; and, AL being given, the proportion of
LD to AC, and alfo to AF, is given (by logarithms).

Therefore AC and AF are each given.

The expreffion for the length of AL is the

fame as before. And tab. log. LD ± =-L.

In this expreffion the fecond term is politive, if the

ordinate from A to the leffier curve is to be the

greater of the two ; in the contrary cafe, negative.

Now imagine CDE, FDG to be logarithmics

of the atmofphere, in different temperatures 5 AC
being the denlity at the earth’s furface in one

temperature, and AF in the other; and let A B be

the femi-diameter of the earth : let the two loga-

rithmics meet in D, and draw D L perpendicular to

AB. Now if the point L be any where in the line

AB, between A, which is at the furface of the

earth, and B, which is the center, the ordinate LD
will reprefent the denfity of the air, in the fyfiem of

both curves, at the diftance
BAxAL
BA-AL above the earth’s

furface ; and therefore, at this height, the denfity

is the fame in the one temperature as the other.

If L coincide with B, D L reprefents the denfity at

an infinite height ; but if L falls beyonds B, DL is

not among the ordinates, of either curve, which re-

prefent dcnfities any where exifting. The expref-

O o 2 fion
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fion which is infinite when AL— AB,

now becomes more than infinite, the denominator

being negative ;
and there is no height in the at-

mofphere, at which the denfity is the fame in both

temperatures. Again, if L fall above the earth’s

furface (as in fig. 4. and 6.), LD is not among the

ordinates of either curve which reprefent denfities j

and AL, being negative, the expreffion be-

B A x AL
comes—m+Tl which expreffes a diftance beloW

the earth’s furface ; but whether L fall above or

below the furface depends upon the {bate of theden-

fity at A, and the temperature jointly. If the den-

fity were to be greater, in the greater temperature,

then the greater ordinate at A belongs to the greater

curve (as in fig, 4. and 6.), and L is above the fur-

face: but if the denfity be lefs, when the tempe-

rature is greater, then, of the two ordinates at A, the

lefs belongs to the greater curve, and L is below the

furface (as in fig. 3. and 5.) ; and in this cafe, the

place of the point L depends upon the magnitude

of AN, and the proportion of HK to AK. If

HK : AK— AN : AB, then L and B (in fig. 3.

and s-) coincide,, and the denfities are the fame at an

infinite height. If HK be lefs than to bear to AK,
the proportion of AN to AB, AL will be greater

than AB, and L will fall beyond B, and the den-

fities are no where the fame. But if HK be

greater than to bear to AK, the proportion of AN to

AB, AL will be lefs than AB ; and in this cafe thre

will
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will be a height above the earth's furface, namely,

B
a t which the denfities, in both tempera-

tures, will be the fame. And it is evident, that this

height is given, if AL be given. But AL is given,

by the preceeding problem, if the fubtangents AH,
AK be given in magnitude, and the proportion of

AC to AF be given. But if each temperature be

given, each fubtangent is given (by fed. 5. prob. 3.)

and the proportion of AC to AF will be given by.

the barometer, (left. 5. prob. 4.)

EXAMPLE,.

*744>
B rs ob-

ferved.

Tr
in.

T r

out.

B rs reduced

to common
Denfities, by

§. 5, prob. 4,
d h — — — temperature • -

March 26 if 3 °’ 1 7 54 6 f 3 °>H 6 X 379°4
April 2 6 2 9>37 5 6 48 29,37 438039

Hence D — 0.0004080 = 4,08 fathom.

Bat p
—

8. 5 — 21. q — 449. j + 470. i —'p
~

13..

and =• 36, 1.
s—p

J

Therefore by formula 2d, AH = 150 fathom
; and

at a height, infenfibly greater, the denfity was the

fame in both conflitutions-of the atmofphere.

7. It is manifefl ,
that the changes of derfity above

and below the height where it remains unaltered
,
are

contrary . If the lower denfties are diminifeed
,,

the

higher ones are lucreafed, and vice vev
s !a. Not with fta.nd-

ing the mathematical evidence of hefe conclusions,

I am perfuaded, it will appear many a phyjical

pt radox.
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paradox, that heat fhould any where condenfe. I

have already hinted at the folution. Heat doth

not condenfe any finite mafs of matter, which is

at liberty, on all tides, to expand itfelf ; but ailing

on a finite mafs, which hath not unlimited liberty

of expanfion, it may condenfe one part by the rare-

faction of another. Ailing on an infinite mafs, it

muft do this ; becaufe it can only tranfpofe. It

neither generates new matter, nor annihilates what
already is. What is taken therefore from one part,

muft be added to another, and vice verfd j other-

wife the quantity of matter, in the whole, muft be

changed.

Imagine ABCD to be a fmall portion of any

orb of the atmofphere (fig. 8.) AEFB, CMND,
CHGA, DLBK, contiguous portions. Heat drives

many of the particles, which occupy the fpace ABCD,
out of it ; but it likewife drives out many of the par-

ticles which occupy the contiguous (paces. And
of thofe which are driven out of the contiguous

fpaces, many will enter the fpace ABCD. If the

particles which are driven into ABCD, be more in

number than thofe which are driven out of it, the

air, in this fpace, is condenfed, by that very caufe,

which would rarefy it, if the contiguous portions

were annihilated. Thus condenfation in one part

may, in an infinite fluid, muft enfiae from rare-,

faction in another, if the quantity of matteT re-

mains unaltered. Where then is the wonder, that

the like effeCt fhould follow from the caufe of

rarefaction combined with other caufes ?

8. fhe cafes in which L jails below B, or above

the furface ^
Jeem to be phyficalf impoJJ.blei

without

an2
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an alteration of the quantity of matter in the atmo

-

fphere ; for without this, it cannot be every where

rarefied, or every where condenfed at one and the

fame time.

9 . Having found the heights where the' denfity is

thefame in any two different temperatures
,

the height

where the prejjures in different temperatures are equal,

will eafily be determined. For this purpole, we have

only to feek the folution of the following problem..

problem ir.
1

Two logarithmics (DQF, GQK) interfering in a
given point (Q), (fid. fig. 2 .), having a right line

(AC) given in poftion for their common afymptote, and
fubtangents feverally given in magnitude ; to fnd the

point (/3) in the afymptote, where an ordinate (/3HE)

being drawn at right angles
,

to meet both curves„
the areas intercepted between the two curves and the-

common afymptote infinitely extended
,
beyond the ordinate

/3E, are equal.

LET /3L, /3M be equal to the fubtangents of
the curves DQF, GQK, refpedively. Becaufe

the curvilinear areas are equal 5 therefore, the re£tan~

gles /3Lx/3E, /3H x /3M, are equal. Therefore,,

(3E : (3Hz=(3M : /3L. But
/3M, /3L, being given,,

the proportion of (3M to /3L is given. Therefore,

the proportion of /3E to (3H is given. Therefore,

the point (3 is given (by corollary of preceeding pro-
blem).

CON^*
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CONSTRUCTION.

Find the point (3 (by corollary of preceeding pre-

problem) fuch that the ordinate /3HE being drawn,

(3 E, /3H, may be reciprocally as the fubtangents ;

or that jQE may be to /3H as the fubtangent of the

curve GHK to that of DEF : and the thing propofed

is done.

Now imagine the curves GQK, DQF, to repre-

fent the logarithmics correfponding to different given

temperatures of the air, A being at the furface of

the earth, and C at the center. And having found

'A/3 x C A
the point /3, take AB = then B is the place

where the barometer will Rand at the fame height,

in both conditions of the atmofphere.

LIMITS.

Draw the ordinates, AGD, CFK, and QR. [f

the point Q be any where below the ordinate

through A, it is evident, the point (3 will lye above

the point R. And if the fubtangents /3L, (3M, be

reciprocally as the denfities AD, AG, the points

(3 y A, and confequently B, A, coincide, and the

preffure, at the level of the fea, remains unchanged.

If the greater fubtangent (3M. be greater than to

bear to the lefs /3L, the proportion of the greater

denfity AD to the lefs AG, {3 will fall above A, and

B confequently will be below it ; for A/3 becoming

4 negative.
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, „ CAxA/3
f

CAxA)9
negative, the expremon

ig
'

A
'

__~g3
becomes— ca + Ag

'

And there is no place in the atmofphere where the

preffure is the fame in one condition as the other.

But it is, at all heights, greater in the warmer
condition (by 5 th of this).

If the point Qfall below the central ordinate CK,
(fig. 7 .) and the fubtangents /3L, /3M, be reciprocally

as CF, CK, the points (3 and C will coincide, and B
will go off to an infinite height.

If the greater fubtangent /3M be lefs than to be

(3L as the greater denfity CF to the leffer CK,
/3 will be found below C, and the ordinate /3E is

not one of thofe, by which the denfity of the air,

at any height, in either condition, is reprefented.

The expreffion is more than infinite, the

denominator being negative ; and there is no height

at which the preffure is the fame, in both conditions

of the atmofphere ; but it is at all heights lefs in

the warmer condition (by 5th of ths). But when-
ever QJalls below the fuperficial ordinate, whether
it be above or below the central ordinate, if /3M be

lefs than to be to /3L as AD to AG, and greater

than to be to /3L as CF to CK, (3 will fall between

C and A, and an equality of preffure, in both con-

ditions of the atmofphere, will take place at a finite

height, determined as above.

If Q ever falls above the fuperficial ordinate

through A, (3 will be more above it, and B will

be below the earth’s furface, and there will bd

no height at which the preffure will be the fame j

Vol. LX1V. P p bjat
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but it will every where be greater in the warmer
temperature.

The calculation for determining A /3 is obvious

from the foregoing folution of the problem. For
putting B for the fubtangent of the Briggian fyftem,

D for the difference of the tabular logarithms of

AG, AD, and A for the difference of thofe of /3L,

/3M, we have,

Therefore, A/3 — D— AX j~x L iVi
.

Therefore, putting (21u~B ± ~B, and /3M—B ± -*B.

and fubftituting D— A for D in the formula for

AL, deduced from problem 1, we fhail change
them intoformula for A/3 .

In the example of the preceeding problem

D = 4,08, and A — 121,817 fathom. Whence
D— A is negative, and the point B falls above the

furface, and the preffure was no where the fame*

but at all heights greater in the warmer condi-

tion,.

gLxffMxD
(by prob. 1.)

(by cor. 1.)

— (SLxj3M

EXAMPLES.

EXAMPLE



B



I
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EXAMPLE II.

March 26
28

h

20

21

Br
. ob- Tr

. T*. Kr
. reduced

ferved. in. out. to common
- — — temperature

3°>°7 J8 59 30,058

3°, 21 54] 5° 3 °, 21

Dcnfities, by

5. prob. 4.

1 3796 ,6
14138,2

Hence />= 10. *= 19. ^=449. $r + j= 468- s—p
—

9. f = 52.
5 P

0=0.0106238. 4=0.0084332. D— ^=0.0021906=21,906
fathom. Therefore, Aj3 1=1164,42 fathom—1,32
miles ; and at a height infenhbly greater, the prefliire

was the fame in both conditions.

In this manner may the heights be determined,

in which either the denfity or preffure of the air, in

a given temperature, is the fame as in any greater or

lower temperature; provided the proportion be

known between the denfities, in the different tem-
peratures, at the level of the fea, or at a given

elevation above it ; otherwife both the problems are

indeterminate. And I know no method of afeer-

taining this proportion, but by a&ual obfervation of

the barometer. The change of temperature deter-

mines the proportion in which the fubtangent of the

atmofpherical logiftic is changed ; but in whatever

proportion the fubtangent of a logiftic is changed,

the ordinate, at a given point of the afymptote, may
be of any imaginable length, or may bear any ima-
ginable proportion to the fubtangent. There is no
given geometrical relation, in the nature of the

curve, between the length of the one and the other ;

and experiment hath not yet brought to light any
phyjical relation in the particular cale in queftion.

Diligent obfervation of the barometer and ther-

P p 2 mometer
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mometer may perhaps, in future, give more fatis-

faftory information upon the fubjedt. Perhaps I have

been too minute in detailing consequences from an

hypothecs, of what probably never doth obtain ;

namely, that the atmofphere may be confldered as

equally heated in all its different parts ; and that

the variation of the abfolute elafticity of its com-
ponent particles is proportional to the change in the

degree of uniform temperature, as if the abfolute

elafticity were influenced by no other caufe. But fuch

is the neceffary order of enquiry. Theory mull begin

with the moft Ample cafes, confldering what would be

the effedf of fome known caufe, adling Angly, and in

the moft Ample manner; and comparing the conclu-

Aons from what it is fuppofed,
with the effects which

are,
the difference leads us to the difcovery of other

caufes, and to an eflimation of the feparate effects of

each, and of the compound effects of all the known
caufes any how combined. 1 fhall only add, that as the

ftate of an atmofphere, unequally heated in its differ-

ent parts, may be reprefented by parts of different

logarithmics, it is poffible, that inftead of one point

of unaltered denAty, and one point of unaltered

preflure, we might And feveral, if fynchronous ob-

fervations could be made at feveral fucceflive eleva-

vations fufficiently different.

10. If the atmofphere of the earth reaches to in-

Anite heights with a Anite denAty
; for the fame

reafons, that of Jupiter and every other planet, will

reach alfo to infinite heights, above the furface of

the planet with a Anite denAty. The atmofphere

therefore of every planet will reach to the furface of

every other planet, and to the furface of the Sun';
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and the atmofphere of the Sun to the furfaces of

them all. All thefe atmofpheres will mingle, and

form a common atmofphere of the whole fyftem.

This common atmofphere of the fyftem will be in-

finitely diffufed, fince the particular atmofpheres

that compofe it are fo. It will reach therefore to

every fixed ftar j and, for the fame reafon, that of

every fixed ftar will reach the central body of our

fyftem, and of every other fyftem. The atmo-

fpheres of all the fyftems will mix. The univerfe

will have one common atmofphere, a fubtle elaftic

fluid, which pervades infinite fpace, and being con-

denfed near the furface of every larger mafs of

matter, by the gravitation towards, that mafs, forma

its peculiar atmofphere.

To certain diftances from every one of thefe great

bodies, the condenfations of this infinite fluid will

follow the laws of the preceeding theory nearly y

but to certain diftances only. For that theory con-

fiders only the effeds of the attradion of a Angle

fphere, and affigns the law of the variation of den-

lity, fuch as would obtain, ifone fpherica! body exifted

in the midft of an infinite, fluid
;
and fuch as cannot

generally obtain, unlefs that hypothefis were true:,

for many great fpheres being immerfed in a common
atmofphere, the attradion of any one, at great

diftances from it, becomes but an inconfiderable part

of the whole caufe, by which the denfity is modi-

fied, the joint forces of them all. And in many
other circumftances, befides the condenfition, the

modifications of every particular atmofphere may
depend upon thofe of others, innumerable and infi-

nitely remote as the effluvia and exhalations of

each
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each great mafs, mingling with its atmofphere, may
be diftributed, in certain proportions, among all the

reft. So that there is probably no branch of phyfics,

in which human difcovery, in its utmoft extent,

rauft always bear fo fmall a proportion to what will

ftill remain unknown.

TABLE I.

eqjjation of the boiling point.

Barometer. Equation. Difference.

3 r >° + M7
0,78

3°>S + °>79

07.9

30,0 0,00
0,80

29>5 — 0,80

0,82

29,0 — 1,62

6,83

28,5 — 2AS
00d

Ord — 3 » 3 1

0,86
2hS — 4>i 6

0,88

27,0 — 5>°4

The numbers in the firft column to the left exprefs heights of the

quickfilver in the Barometer, in Englifh inches and decimal parts. The
fecond column gives the Equation to be applied, according to the fign

prefixed, to 2120 of Bird’s Fahrenheit, to find the true boiling point, for

every fuch ftateof the barometer. The heights of the barometer decrease

by| inches from 31 to 27 inches. The boiling point, forall intermediate

Hates of the barometer, may be found, with a very fufficient accuracy, by

taking proportional parts. For which purpofe, the differences of tbe

equations are given in the third column.

2 TABLE
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TABLE II.

For the Comparifon of Thermometers,.

L reduced. P reduced.

80 210,0
I 98,86 —

J—

211,73—
75 200,50 —
7° 187,74 + 1 89,26 +
65 1 76,62 — 178,03 —
60 165,49-}- 166,80—
55 154-37— T 55 > 56 +
5 ° 145,24 + H4,33—
45 132,12 4-

133,09—
40 121,0 — 121,85 4-

35 109,87 + 110,62 +
3 ° 98,75 — 99,39—
25 87,62+ 88,15 +
20 7 6 > 5 ° + 76,92 +
15 6 5,38— 65,69—
xo 54,25 + 54,45+
5 43 ,i 3— 43,224
0 3 2, 32.

— 5 20,88— 20,77—— 10 9,75 + 9,53 +— .5 — M 7 + — i, 7°
—

—20— 12,50—— 12,934-— 2 5
— 23,62 — 24,16 +—

3°— 34,74 + — 35,40—
-35— 45. 87—— 46,63 +
—40— 57,oo—

— 68,12—
— 57,86 +

—45 — 69,10——
5 c — 79, 24 — 80,33

—55 — 90,36 + — 9 !> 5 6 +
—6c — 101,49—— 102,80—
—65 — 112,6i + 114,03——

7 c —123,75— 125, 2 5 +
—75 — 134-87 136,48 +—8c — 146,0 — 147,72—

LF PF

I 2,225 2,246
2 4 ,45° 4>493
3 6,674 6,74

4 8,9 8,986

5 11,124 u >233

FL F P

1 0,449 o,445
2 0,899 0,890

3 1.348 x >335

4 I
»798 1,780

5 2,247 2,225
6 2,696 2,671

7 3 *
1 46 3,116

8 3,595 3 , 56 i

9 4,045 4,006
10 4,494 4 ,45 1

e x p l A-
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EXPLANATION.

The prlncip il table confifts of three columns. The numbers in the

firft column fignify degrees, either of dk luc’s fcale, or the fcale which
hath been hitherto chiefly in ufe among che French, which is divided as

M. de luc’s is ; but 28 French inches being generally mentioned, by the

French mathematicians, as the mean height of the barometer at r a ris, it is

to be fuppofed, that their boiling point will generally agree to that date of

the barometer. The numbers in the next column to the right, which is

marked L reduced
,
give the degrees of bird’s Fahrenheit correfponding

to the degrees cf M. de luc’s fcale, exprefled by the numbers of the

firft column ; and the numbers in the column marked P reduced, give the

degrees of bird’s Fahrenheit correfponding in like manner with the

paris fcale. The heights in the firft column diminilh by 5
0

fucceflively.

But the redu&ion may be computed to every degree, by means of the

little table on the left; which gives the value of Angle degrees, either

of de luc’s, or of the paris fcale, in degrees of bird’s Fahrenheit.

The titles LF, PF flgnifying de luc’s degrees, or Paris degrees, re-

duced to Fahrenheit’s, refpeftively.

If there fhould be occafion to reduce heights of bird’s Fahrenheit,

either to M.de luc’s, or the paris fcale, this maybe done by the prin-

cipal table, and the fmall one on the right hand; which exhibits the

value of Angle degrees of bird’s Fahrenheit in degrees, both of de
luc’s and the' Paris fcales : the titles F L, FP flgnifying degrees of

bird's Fahrenheit reduced to M. de luc’s degrees, or the pa ris de-

grees, refpeftively.

-example. EXAMPLE 2.

To find the point upon a bird’s
Fahrenheit, which correfponds to

+ 58 of de luc’s fcale.

To find the point upon the Paris

fcale, which correfponds to -p 55
of bird’s Fahrenheit.

By principal table
-f- 55 = 154,3;

By little table on
]

the left hand
|

3 = 6,67

Therefore 58 = 161,04

7 By principal table

55
~

5'4>45=<MS
By little table on 1

the right hand J

By ditto - - -

+ 54>45= 10

0,5 = 0,22

0,05= 0,02

Therefore +55 =10,24

TABLE
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TABLE III.

equation for the temperature of the quicksilver.

The numbers in the firft column

are to be underftood to exprefs differ-

ences of temperature, in the quick-

filver of the portable Barometers at

the two ftations, indicated by Ther-

mometers fixed in the cafes of the

Barometers, in degrees of Bird’s

Fahrenheit. The fecond column

gives the correfponding correftions

of the difference of the tabular lo-

garithms of the obferved heights of

the quickfilver in the barometer, to

be added or fubtrafted, according as

the higher barometer hath been the

warmer or cooler of the two. The
numbers in the third column are the

WWth parts of thofe in the fecond.

The manner of ufing them is ex-

plained in the general precepts. The
fourth column gives the reduction of the obferved height of the column
of quickfilver, in decimal parts of an inch, for the differences of tem-

perature expeeffed by the numbers of the firft column, when the height

of the quickfilver is 30 inches ; and the reduftion for any other height

cf the qnickfilver may be thus found. Suppofe the height of the ba-

rometer 30 dz a inches, in a certain temperature b, and this is to be

reduced to the temperature l =h n. From the fourth column coll eft the

number correfponding to n (by repeated entry, if need be). Call that

number M. Then M dz — M is the reduftion.

3 °

Degrees

of Bird’s

Fahrenh.

Correction

of Diff.

Logarith.

Fathom

1 45 2 0,442 0,003

2 9°4 0,904 0,006

3 1355 J >3 55 0,009

4 1807 1,807 0,01

2

5 2259 2,259 0,016

6 271

1

2,711 0,019

7 3 l63 3> i6 3 0,022

8 3614 3 , 6 j 4 0,025

9 4066 4,066 0,023

10 45 l8 4 . 5 i 8 0,031

20 9036 9,036 0,062

30 J 3554 ' 3.554 0.094

40 18072 18,072 0,125

5° 22490 22,590 0,156
60 27108 27,108 0,188

70 31626 31,626 0,219

Vol. LXIV, Qq TABLE
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GENERAL PRECEPTS, for the CALCULATION of HEIGHTS by

thefe TABLES-.

FROM the common tables of logarithms, name-

ly, thofe which exhibit the Briggian logarithms to

eight places, write out the logarithms of the num-
bers, which exprefs the obferved heights of the quick-

filver, in the portable barometers, at the two Nations.

2. Subtract the lefier logarithm from the greater.

3. Divide the remainder by 1000. The quotient

is a certain number of fathom.

4. Take the difference of the temperatures of the

quickfilver, as indicated by the thermometers in the

cafes of your portable barometers, and look for the

correction correfponding thereto, in the third column

of table hi. and add that correction to the num-
ber lafl found, if the barometer at the higher ftation

hath been the warmer of the two; otherwife fubtraCt

it. Call the fum in the firft cafe, the remainder in

the latter, the approximate height .

5. Add together the temperatures exprefled at the

two ffations by the thermometers in the open air,

under their proper figns. Take half the aggregate,

and call it the temperature of the air.

6. In the principal table of the equation for the

temperature of the air (table iv.), look a- top for the

decade of degrees next lefs than the temperature of

the air, found by the laft rule; and from the column
underneath it (by repeated entries if need be) collect

the corrections for the units, decades, and centuries of

Qq 2 fathom
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fathom in the approximate height j and if you have

chiliads of fathom in your approximate height, find

the corredlion for them, by taking the decuple of the

corredtion for the correfponding centuries. Add
thefe feveral parts of the correction together, and

call the fum N.

7. In the little table look, either a- top or in the

outer vertical row to the left, for the units of de-

grees in the temperature of the air, over and above

decades, and colledt the corredtion for thefe, for the

units, decades, centuries, &c. of fathom in the ap-

proximate height, by taking the numbers found in

the little table, and proper multiples thereof. Add.

thefe numbers together, and call the fum n.

8. If the fign of the correction found in the great

table be add t0 the approximate height

;

but if the fign of the corredtion found in the great

table be —

,

fubtradt N— n from the approximate

height. The fum in the former cafe, the remainder

in the latter, is the corredt height, according to-

M* pe luc’s rules.

EXAMPLE.
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EXAMPLE.

Barometer.

T r
.

in.

Diff. Tr
.

|

out.

Tempe-
rature of

air.
£

Lower 29 68

Upper 25,2b
+ 57

+43
'4 V 7
* + 4

-'
+4lf

Diff. of Thermometers in = 14 ° = 10 + 4
°

io° gives 4,5 19

4
0 gives 1,808

6,32.7

Log. of lower B r
.

of upper.
H7 2 4639
14027771 Equation for $

Diff.

IOOO
Equation for g

Approximate height

Equation for air N -f «

Eleight correft

696,86c

— 6,327

690,541

+ H>?

7°5»°4

Temperature of air = 49^ ~ 40° -4- 9
N= -4- o

9
0 X 600 fathom gives 1

2

9
° X 9° i,8

L

i X 600 0,6
1

2 X 9.a 0,1

* = r4>5
N 4- n — 14,?

by little table

for air.

EXAMPLE IL.

Barometer. T r
.

in.

Diff.
r-pr

out.

Tempe-
rature of

air.

Diff. of Trs
. in ~

3

0 gives equation for g 1,356.
Temperature of air— 33

0 — 30°
-j- 3

0
.

30° upon 300 fathom gives 6,683-) by great ta-

upon 90 2,005 > ble for air.

upon 6 0,1344 fign —
N — 85822

Lower 29,45
Uppere6,82

+3 8

+ 4 1
3
+ 3 1

+35 33

Log. of lower 1.4690853

of upper 1.4295900

Diff.

394,945
1000
Equation for g + 1,356
Approximate height 596,301

Equation for Air — N<

—

n. — 6,182

Height cori eft 390,119

3° 4 give, ,,coo
b]x 90 o,6» 1 r

for air_
X O 0,04 J

n = 2,640

N— n — .6, 1 82

XXXI. A
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XXXI. A Catalogue ofthe Fifty Plants
, from

Chelfea Garden
,

prefented to the Royal
Society, by the TVorJhipful Company of
Apothecaries

, for the Year 1773, pur-

fuant to the DireSlion of Sir Hans Sloane,

Bart. Med. Reg. et Soc. Reg. nuper

Pr&fes. William Curtis, clarijf. Soc.

Pharmaceut. Lond. Soc. Hort. Chelfean.

PrafeSl. et Preeledor Botan.

Prefented February 17, 1774.

2501 /I /Gopodium (Podagraria) foliis caulinis

JfXCj fummis ternatis. Lin. Spec, plant.

ed. 3tia. 379.
Angelica lylveftris minor live erratica. Bauh.

pin. 155. 3.

Herba Gerardi. Gerard, 848. fig. 2.

2502 Ballota (Nigra) foliis cordatis, indivifis,

ferratis j calycibus acuminatis. Lin. Spec,

plant. 814. 1.

Marrubium nigrum foetidum. Bauh. pin.

2 3°\ 4 *
. ^ , ..

Marrubium nigrum.' Gerrard, 566.

2 2503 Bv-
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2503 Bunias (Orientals) filiculis ovatis, gibbis,,

verrucofis. Lin. Spec, plant. 936. 3.

Crambe Orientalis dentis leonis folio, eruca-

ginis facie. Tournef. cor. 41.

2504 Cacalia (Suaveolens) caule herbaceo, foliis

haftato-fagitatis, denticulatis
j petiolis fu-

perne dilatis. Lin. Spec, plant. 1170. 10.

2505 Calceolaria (Pinnata) foliis pinnatis. Lin-

Mantif. alter. 171. defcript. opt.

Calceolaria foliis fcabiofae vulgaris. FeuilL

Peruv. 3. 12. t. 7.

2506 Chelone (Glabra /3 )
foliis lanceolatis ferratis

;

fummis oppofitis. Lin. Spec, plant. 849. 1.

Chelone fioribus fpeciofis pulcherrimis, colote

rofae damafcenae. Gron. Virg. 71. Miller,

Icon. 62. t. 93.

2507 Chenopodium (Vuivaria) foliis integerrimb

rhombeo ovatis ; fioribus conglomerate
Lin. Spec, plant. 321.

Atriplex fcetida. Bauh. pin. 119. Ger. em,.

P-7-
2508 Conium (Maculatum) feminibus flriatis. Lin.

Spec, plant. 349.
Cicuta major. Bauh. pin. 160.

2509 Coronilla (Varia) herbacea, kgu-minibus

eredis teretibus, torofis, numerofis; foliolis

plurimis glabris. Lin. Spec, plant. 1048.

Securidaca dumetorum major, flore vario, fi-

liquis articulatis. Bauh. pin. 349.
2510 Crotalaria (Chinenfis) foliis fimplicibus,

ovatis, fubpetiolatis j ftipulis minutiffimis.

Lin. Spec, plant.. 1003,.

2511 CY-
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25 ii Cytisus (Supinus) floribus umbellatis, ter-

minalibus ; ramis decumbentibus
j foliolis

ovatis. Lin. Spec plant. 1042.
Cytifus fupinus foliis infra et flliquis molli

lanugine pubefcentibus. Bauh. pin. 390.
2512 Dianthus (Armeria) floribus aggregatis faf-

ciculatis, fquamis calycinis lanceolatis, vil-

lofis, tubum asquantibus. Lin. Spec, plant.

5 86 - 3 -

Caryophyllus barbatus fylveftris. Bauh. pin.

208.

2513 Draba (Alpina) fcapo nudo fimplici, foliis

lanceolatis integerrimis. Lin. Spec, plant.

896. Oeder. fl. Dan. tab. 56.

Sedum alpinum luteum hirlutum. Bauh.

pin. 284.

2514 Elymus (Caninus) fpica nutante arda, fpi-

culis red is involucro deftitutis, inflmis ge-

minis. Lin. Spec, plant. 124. Buxb.
Cent. 4. p. 29. t. 50.

2515 Elymus (Sibiricus) fpica pendula arda, fpi-

culis binatis, calyce longioribus. Lin.

Spec, plant. 123. Gmelin. Sibir. 1. p.123.
t. 28.

2516 Erica (Multiflora) antheris fimplicibus, bi-

fid!?, exfertis j
corollis cylindricis ; foliis

quinis patentibu?. Lin. Spec, plant. 503.
Erica foliis corios multiflora. Bauh. Hift. 1.

356. Lobel. Hift. 620.

2517 Fumaria (Capnoides) flliquis linearibus, te-

tragonis; caulibus diffufis, acutangulis. Lin.

Spec, plant- 984. Piuk. aim. 262. t. 90.

Miller, Icons.

2518 Inula
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2518 Inula (Squarrofa) foliis ovalibus, laevibus,

reticulato- venofts, fubcrenatis j calyculis

fquarrofis. Lin. Spec, plant. 1240.

After luteus latifolius glaber, foliis rigidis et

minutiflime crenatis. Pluk. aim. 37. t. 16.

f. 1.

2519 Lobelia (Triquetra) caule eredo; foliis lan-

ceolatis, dentatis ; racemo terminali aphyllo.

Lin. Mantilf. 120. 27.

2520 Lupjnus ( Anguftifolius) calycibus alternis

appendiculatis ; labio fuperiore bipartito,

inferiore integro. Lin. Spec, plant. 101 5.

Lupinus anguftifolius coeruleus elatior. Ray
Hift. 908.

2521 Lupinus (Luteus) calycibus verticillatis, ap-

pendiculatis ; labio fuperiore bipartito, in-

feriore tridentato. Lin. Sp. pi. 1015. 6.

Lupinus fylveftris flore luteo. Bauh. pin.

348 -

2522 Lantana (Involucrata) foliis oppofitis; caule

inermi ; floribus capitato-umbellatis, invo-

lucrato-foliofis. Lin. Spec, plant. 874.
Camara arborefcens falvias folio. Plum. gen.

32. Ic. 71. fig. 2.

2523 Mirabilis (Longiflora) floribus congeftis,

terminalibus, longiftimis, nutantibus j foliis

fubvillofis. Lin. Spec, plant. 25^.
Mirabilis Mexicana. Hern. Mex. 1 70. f. 2.

2524 Monarda (Pundata) floribus verticillatis^

corollis pundatis. Lin. Spec, plant. 33.4.
Clinopodium Virginianum anguftifolium quo-

vis verticillo duodecim foliolis rubentibus

.cindo. Pluk. aim. 1 1 1 . t. 24. fig. 1

.

Rr 2525 Ne-
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2525 Nepeta (Cataria) floribus fpicatis, verticiiiis

fubpedicellatis
;
foliis petiolatis cordatis den-

-tato-ferratis. Lin. .Spec, plant. 796.
Mentha Cataria vulgaris et major.. Bauh. pin.

228.

2526 Oenothera (Pumila)' foliis- lanceolatis, ob-

tufts, glabris, fubpetiolatis
; caulibus prof-

tratis j capfulis acutangulis. Lin. Spec,

plant. 493.
Lylimachia filiquofa glabra minor mariana,

anguftioribus foliis.. Pluk.. mant. 123.

Miller, Icon. 188...

2527 Oenothera (Fruticofa) foliis lanceolatis, fub-

dentatis ; capfulis pedicellatis, acutangulis

;

racemo pedunculato. Lin. Spec, plant. 492.

2528 Ononis (Rotundifolia) fruticofa; pedunculis

trifloris ; calycibus triphyllo-bradteatis •, foliis

ternatis fubrotundis. Lin. Spec, plant.

1010.

Cicer fylveftre latifolium triphyllum. Bauh.

Pin - 347 °

2529. Orobus (Vernus) foliis pinnatis ovatis ; ftipu-

lis femifagittatis integerrimis j caule fimplici.

Lin. Spec, plant. 1028.

Orobus fylvaticus purpureus vernus. Bauh.

Pin - 35 1 *

2530 Panicum (Filiforme) fpicis fubdigitatis, ap-

proximatis, eredtis, filiformibus ;
rachi fle-

xuofa ;
dentibus bifloris, altero fefTili. Lin.

Spec, plant. 85.

253 1 Panicum (Capillare) panicula capillari eredta,

patenti
;
caule hirto. Lin. Spec, plant. 85.

-
-i 71 7 2532 Pa-
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2532 Panicum (Polyftachion) fpicis teretibus; tn-

volucellis unifloris, fafciculato-fetofis, cul-

mis eredlis fuperne ramofis. Lin. Spec,

plant. 82.

2533 Phlomis (Herba Vend) involucris fetaceis,

hifpidis j foliis ovato-oblongis, fcabris ; caule

herbaceo. Lin. Spec, plant. 819.

Marrubium nigrum longifolium. Bauh. pin.

2 3°-

2534 Phlomis (Tuberofa) involucris hifpidis, fub-

ulatis ; foliis cordatis, fcabris ; caule her-

baceo. Lin. Spec, plant. 820.

Galeopfis maxima foliis hormini. Buxb.

cent. 1. p. 4. t. 6.

2535 Phlox (Glaberrima) foliis lineari-lafrceolatis,

glabrisL caule erebto j corymbo terminal!.

Lin. Spec, plant. 217.

Lychnidea folio malampyri. Dill. Hort. Elth.

203. t. 166. f. 202.

2536 Polygonum (Amphibium) floribus pentan-

dris, femidigynis ;
ftaminibus corolla lon-

gioribus. Lin. Spec, plant. 517.
Potamogeton falicis folio. Bauh. pin. 193.

2537 Psoralea (Pinnata) foliis pinnatis, lineari-

bus; floribus axillaribus. Lin. Spec, plant.

I074*
Geniftae affinis arbor Africana monofpermos,

. flore cceruleo, foliis pinnatis. Herm. Lugdb.

272. t. .273.

2538 Pteris (Cheufanica), Polypodium caule fim-

plici, foliis fimplicibus ,variis longis ferratis.

Burm. Thef, Zeyl. p. 196. tab. 87.

R r 2 Filicula
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Filicula cheufanica. Pluk. Amalth. p. 94.
Phyt. t. 407. fig. 2.

2539 Ranunculus (Arvenfis) feminibus aculeatis;

foliis fuperioribus decompofitis linearibus.

Lin. Spec, plant. 780.
Ranunculus arvenfis echinatus. Bauh. pin.

1 79 -

2540 Rosmarinus (Officinalis). Lin. Sp. pi. 33.
Bauh. pin. 217.

2541 Saxifraga (Stolonifera) foliis radicalibus

fubrotundis, crenatis, hiriutis j fiolonibus re-

pentibus.

2542 Siegesbechia (Orientalis) petiolis feffilibus j

calycibus exterioribus linearibus majoribus

patentibus. Lin. Spec, plant. 1269.

Bidenti fimilis foliis latiffimis ferratis. Buxb.
cent. 3. p. 29. t. 52.

2543 Silene (Acaulis). Lin. Spec, plant. Oed.

dan. t. 21.

Mufcus aTpinus Iychnidis flore. Bauh. hift. 3.

P- 767 -

2544 Teucrium (Virginicum) foliis ovatis, inae-

qualiter ferratis ; racemis terminalibus. Lin.

Spec, plant. Gron. Virg. 64.

2545 Tragopogon (Dalechampii) calycibus mo-
nophyllis, corolla brevioribus, inermibus

;

foliis runcinatis. Lin. Spec, plant. 1 1 10.

Hieracium afperum flore magno dentis leonis.

Bauh. pin. 127.

254.6 Trifolium (Rubens) fpicis villofis longisj

corollis monopetalis, caule eredo, foliis

ferrulatis. Lin, Spec, plant. 1081.

Trifolium
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Trifolium montanum fpica longiffima rubente.

Bauh. pin. 328.

2547 Verbena (Nodiflora) tetrandra, fpicis capi-

tato-conicis ; foliis ferratis; caule repente.

.Lin. Spec, plant. 28.

Verbena nodiflora. Bauh. pin. 269.

2548 Vicia (Faba minor /3) caule eredto, petiolis

abfque cirrhis. Lin. Spec, plant. 1039.
Faba minor five equina. Bauh. pin. 338.

2549 Ziziphora (Capitata) capitulis terminalibus,

foliis ovatis. Lin. Spec, plant. 31.

Thymus humilis latifolius. Buxb. cent. 3.

p. 28. t. 51. f. 1.

2550 Ziziphora (Tenuior) floribus lateralibus 3

foliis lanceolatis. Lin. Spec, plant. 31.
Acinos Syriaca folio mucronato capfulis hir-

futis. Moris, hift. 3. p. 404. f. u- t. 19,

3* 4* ^
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XXXII. Obfervations on the Gillaroe Trouts

commonly called in Ireland the Gizzard
’Trout,

by John Hunter, F R. S.

ReJde, March i 7»^~\NE of the digeftive organs of
1774- this trout being fo very re-

markable as to have given name to the ffth, and

to be looked upon as its diftinguifhing charadferiftic

;

it will be neceflary, to take a general view of the

varieties in the digeftive organs of animals, to de-

termine what place the ftomach of this particular

trout holds among them, and alfo to throw fome

light upon the queftion, whether its refemblance

to a gizzard be fuch, as to render the name of

gizzard trout a proper appellation.

To begin with fome general fadts : the food of

animals may be divided into two kinds, fuch as

does, and fuch as does not, require maftication, to

facilitate the digeftion. All animal food is of this

latter kind. But grain, and many other fubftances

which ferve for aliment, require a previous grind-

ing or trituration ; and therefore thofe animals

which live on fuch food, are furnilhed with organs

for that purpofe. Granivorous quadrupeds have

the two powers, viz. maftication and digeftion,

feparate or diftindt from one another; the firft

-being exerted by a fet of teeth of a particular

form.



[ 3 1

1

]

form, which ferve as fo many grindflones for re-

ducing their food to a powder, before it be con-

veyed into the ftomach for digeftion ; and when fo

prepared, it is, with regard to the digeftive power,

become fimilar to animal food : therefore in many
fuch animals the ftomach is fimilar to that of the

carnivorous ; and whenever the ftomach in gra-

nivorous quadrupeds differs from this general rule,

there is a Angularity in the operations of digeftion.

Such birds as live upon this kind of food, for the

digeftion of which trituration is indifpenfably

neceffary, have the powers of maftication and di-

geftion united in one part ; which is of a pecu-.

liar ftrudture for that purpofe ; this is the gizzard.

In granivorous birds therefore one fingie organ an-

fwers both to the teeth and ftomach of granivorous

quadrupeds, and confequently the gizzard alone of
birds will point out the food of the fpecies as

clearly, as the teeth and ftomach together do in

other animals, in which the two offices of mafti-
cation and digeftion are not joined together in ffie

fame part.

As it appears then to be the difference of the
ftomachs only, that fits birds for their different

kinds of food, it is evident that every gradation of
ftomach mu ft be found among them, from the true

gizzard which is one extreme, to the more mem-
branous ftomach which is the other; fince the food
of different fpecies is of every different kind, from
the hardeft grain, to the fofteft animal matter. In
confequence of this, it muft be as difficult to deter-
mine the exadt limits of the two different conffruc-
tions, to which the names of gizzard and jlomach

ipeci-
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fpecifically belong, as, in any other cafe, to diftin-

guifh proximate fteps in the How and impercepti-
ble gradations of nature.

The two extremes of true gizzard, and membra-
nous ftomach, are eafily defined; but they run fointo

«ach other, that the end of one and the beginning
of the other are quite imperceptible. Similar gra-

dations are obferved in the food ; the kinds fuited

to the two extremes mixing together in different

proportions, adapted to the intermediate ftates of
ftomach.

A true gizzard is compofed of two ftrong muf-
cles placed oppofite, and adting upon each other,

as two broad grindftones. Thefe mufcles are

joined together at their fides by a middle tendon,

into which the mufcular fibres are inferted, and

which forms the narrow anterior and pofterior

ftdes of the flat quadrangular cavity, in which the

grinding is performed. The upper end of this

cavity is filled up by the termination of the ccfo-

phagus,
and the beginning of the inteftine. The

lower end confifts of a thin mufcular bag con-

necting the edges of the two mufcles together.

By a foft flexible fubftance being thus interpofed

between the two ftrong grinding mufcles, a double

advantage is gained ; for whilft it gives an eafy

pafifage to the cefophagus and gut above, it allows

of that free motion of the grinding furfaces on

each other, which is neceffary for the commi-
nution of the food. The half- mufcular half-

membranous bag, which is fitted on to the lower

end of the cavity, at the fame time that it ferves for

a refervoir, is perhaps the only part which has the

power
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power of digeftion, 'and therefore that is to be

called the true Jiomacb. In this cafe then we
have fome diftindtion between the two grand offi-

ces of maftication and digeftion.

The two flat lateral fides of the grinding cavity

are lined with a thick horney fubftance flmilar to

a hard and thick cuticle : the narrow anterior and

pofterior tendinous parts are alfo lined with a

cuticle, but not fo flrong as the former : this

horney "fubftance is gradually loft: at one end in a

very thin cuticle, which lines the paflages of the

cefophagus and inteftine for a little way ; and at

the other end is alfo fimilarly loft in the mem-
branous bag, or true ftoinach.

The two large mufcles may be confldered as a

pair ofjaws, whofe teeth are taken in occaflonally,

being fmall rough ftones or pebbles which the

animal fwallows : and from the feeling on the

tongue, it can diftinguilh fuch of thefe as are proper,

from thofe which are fmooth or otherways unfit

for the purpofe, which laft it inftantly drops out
of its mouth.

Some birds, with gizzards, have a craw or crop

alfo, which ferves as a refervoir, and for foftening

the grain ; but as all of them have not this organ,

it is not to our prefent purpofe.

There are other animals befides that clafs of
birds, which mafticate their food in their ftomach,
but their teeth are placed there by nature: crabs
-and lobsters are of this kind.

The gradation from gizzard toJlomach is made
by the mufcular tides becoming weaker and weaker,
and the true ftomachic or gaftric part proportiona-

Vol. LX1V. Sf bly
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bly larger and larger, 'in the fucceffive order of birds,

till at length it conftitutes the whole of the organ;

and the food keeps pace with this change, varying

gradually from vegetable to animal. In one point

of view, therefore, food may be confidered as a

fir ft principle, with refpedt to which the digeftive

powers, with their appendages, are as fecondary

parts, being adapted to and determined by the

food, as the primary object.

We find then that in granivorous animals of all

forts, there is an apparatus for the maflication of

the food, although of different kinds and differently

placed. But in true carnivorous animals of what-
ever tribe, maflication is not neceffary, and there-

fore they have no apparatus for that purpofe.

The teeth of fuch quadrupeds, as are carnivorous,

ierve chiefly to procure food and prepare it for

deglutition. The fame thing holds in the true

carnivorous bird, the office of whofe beak and ta-

lons is to procure the aliment, and fit it for deglu-

tition, correfponding in this refpeft to the teeth of

the others. Applying this to fifh, it feems, at

firft fight, that there is no occalion in them for

that variety of ftrucfture in the digeftive organs,

which is found in the beforementioned quadru-

peds and birds ;
the food of fifh being principally

of one fort, namely, animal, which however with

regard to the digeftive powers, is to be diftinguifhed

into two kinds, viz. common foft fifh and fhell-

fifh. Such fifh as live on the firft kind, have like

the carnivorous quadrupeds and birds, no appa-

ratus for maflication; their teeth being intended

merely for catching the food and fitting it to hs
fwallowed*

7
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fwallowed. But the fhells of the fecond kind of

food render fome degree of mafticating power

neceffary, and accordingly we find in certain fifh

a ftrudture fuited to this purpofe.

Thusthe mouthof the woLF-FisHis almoft paved

with teeth, by means of which he can break any

fhells to pieces, and fo effectually difengage the

food for digeftion, that though he lives upon fuch

hard food, his ftomach does not differ from that

of other fifh : the organs of mafiication and di-

geftion therefore in this animal exactly correfpond

to thofe of many granivorous quadrupeds.

Other fifh, on the contrary, approach nearer

to the ftruCture of birds, in having their ftomach

furnifhed with fome degree of mafticating power;

but it is very imperfeCt, compared with that of
the gizzard of fowls, though perhaps the difference

is fuch only as the difference of food will properly

allow ; for in fifh who have this power, the food

being ftill animal, and but imperfectly covered

with the fhell, it perhaps wants only to be bro-

ken ; whereas that of granivorous birds requires

to be ground into a kind of meal.

Of all the fifh I have feen, the mullet is the

cleareft inftance of this ftruCture; its ftrong muf-
cular ftomach being evidently adapted, like the

gizzard of birds, to the two offices of maftication

and digeftion. The ftomach of the fifh now be-
fore us holds the fecond place.

But ftill neither of thofe ftomachs can be juftly

ranked as gizzards
,
fince they want fome of the moft

effential characters, viz. a power and motion fitted

for grinding, and the horney cuticle. The ftomach
S f 2 Of
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bf the gillaroo trout is however more circum-
fcribed than that of moft filh, better adapted for

ffnall food, and endued with fufficient ftrength to

break the {hells of fmall {hell fifh ; which will

moft probably be beft done by having more than one
in the ftomach at a time, and alfo by taking pretty

large and fmooth ftones into the ftomach, which
will anfwer the purpofe of breaking ; but not fo

well that of grinding ; nor will they hurt the

ftomach as they are fmooth, when fwallowed

:

but this ftomach can fcarcely poflefs any power of

grinding, as the whole cavity is lined with a fine

villous coat, the internal furface of which appears

every where to be digeftive, and by no means fitted

for maftication.

The ftomach of the English trout is exadtlyof

the fame fpecies with the gillaroo, but its coat

is not fo thick by ~ («). How far this difference

in thicknefs of ftomach is fufficient to make a

diftindt fpecies,. or barely a variety of the fame*

is only to be determined by experiment (b).

The oefophagus in the trout is confiderably

longer and fmaller than in many other clafles of

fifb.

The inteftines are fimilar to thole of the falmon,

herring, fprat, &c.

(
a )

The Englifh trout (wallows (hell- fifh, and' alfo pretty-

large fmooth. ftsnes,. which ferve as a kind of {hell-breaker.

(b) Viz. Take fome Gjllaroo trout, male and female, and.

tfranfplant them into.fome other water where there are no trout,

to. (t.e. if they continue the fame.

The:
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The pancreas is appendiculated
(
c).

The teeth {hew them to be filh of preyi.

So far as we are led to determine by analogy,

we muft not qonfider the ftomach of this fhh as a

gizzard, but as a true ftomacb.

(c) I chufe to give this name to the part from its aj>

pearance*

XXXM1
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XXXIII. Explication of a mojl remarkable

Monogram on the Reverfe of a very antient

^uinariusy never before publifhed or ex-

plained. In a Letter to M. Maty, M. D.
Sec. R. S. from the Rev. John Svvinton,

B. D. F. R. S. Cuftos Archivornm of the

Univerfty 0/"Oxford, Member of the Aca-

demy degli Apatifti at Florence, and of
the Etrufcan Academy of Cortona in Tuf-

cany.

DEAR SIR,

Redde, Nov, 1 1,

1773 - H
I.

AVING given a draught and

fhort account of a very antient

quinarius, with a moft remarkable and uncommon
monogram on the reverfe, which the Royal Society

did me the honour to publifh in a former volume of

the Philofophical TranfaBions (
i ), I {hall now beg leave

to refume the fubjedt ; and, in order the more fully

to evince what was there advanced, fubmit a farther

(i) Philofoph. Tranfafi. Vol. LXII, Tab. II. n. 3. p. 61,

and 64, note *.

and
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and more particular account of this curious piece

to the confederation of that molt refpedtable body.

And this I am the more inclined to do, as an explica-

tion of the monogram here mentioned may not im-

probably enable us to explain a legend on the reverfes

of other antient (2) Roman coins, which has hi-

therto been deemed by fome learned men almoft,

if not altogether, inexplicable.

II.

The piece before me is a very antient, or rather

an original, quinarius, extremely well prefervec(*_

It has on one fide a female head in an helmet,

with the letter v behind, handing for five, the

number of afles it contains *, and on the reverfe

Cajior and Pollux, or, according to Sig. oli-

vieri, two Cajlors
, on horfeback, with feven ftars

over each of their helmets, or caps. In the exergue

we difcover the word roma, formed of very antient

chara&ers y and under the belly.of one ofthe horfes the

monogram, which diflinguifhes this quinarius from
all the other fimilar pieces that ever fell under my
view or obfervation. Nor have I ever met with it

in any author I had occafion to confult, or perufe,

To me therefore it cannot but appear in the light of

an inedited coin. K
1 :

III.

The Romans firfi: coined filver money, according

to (3) Pliny, with whom (4) Livy, in this point,

(2) .

Joan. Baptift. Biancon, de antiq. litt. Hebrrnr. et Grescor.
Libel., p. 74, 75. Bononias, 1748.

(3) Phn * Nat. Hiji. Lib. xxxiii. cap. 3.

(4} Liv. Ept. Lib. xv.

agrees.
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agrees, in the 485th year of the city. Some of the ear-

lieft pieces, of which feveral ftill remain in the cabinets

of the curious and the great, exhibited a female

galeated head on one fide, as does the quinarius I

am confidering; and on the reverfe (5) Caftor and

Pollux
, or, as Sig. olivieri calls them, * two Caf

tors , as both tnefe figures are horfemen, fuch as

dearly and diflindly appear upon my coin. Where-
fore, as the letters forming the word roma, in the

exergue, are antique enough, at lead:, for the time

when filver was firffc coined at Rome, or five years

before the (6) commencement of the firft Punic war,

we may fairly fuppofe my quinarius to be either

coeval with, or, as I rather imagine, a little anterior

to the commencement of that war.

IV.

The monogram on the reverfe of this quinarius,

i*o extremely remarkable for the number of letters it

contains, we fhall find, upon a clofe and attentive

examination, to exhibit the word romanoro, the

mafculine genitive cafe plural of romanvs, in the

days of c. duilius and l. scipio, the fon of bar-
Batus, towards the clofe of the fifth century of

Rome; fome time after the completion of which,

the Romans converted the (7) lafl fy liable ro into

(5) P. Joubert, Science des Medaill. c. 5. Annib. degli Abati

Oliver, in Sag. di DiJJertaz. Academic. &c. di Carton. Tom. IV.

p. 134. In Roma, 1743.
* Caftor and Pollux, or the Diofcuri, Aioc-xagot , are fome-

times both denominated Caftor, as we learn from Pliny and Ar-
nobius, not to mention other antient authors of good repute.

Plin. Nat. Hi/i. Lib. X. c. 43. Arnob. Contra Gent, Lib. IV.

(6) Plin. ubi fup.

(7) Joan. Bapt. Biancon, ubi fup.

RVM.
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rvm. But to analyfe this extraordinary complex

character a little more particularly, the firft part of

it perfectly anfwers to the word roma, as reprefented

by * a monogram on leveral coins of the (8) calpur-
nian family; and the latter part of it is evidently

formed of the letters noro, the lad: of which is

apparently included in the head or top of the r.

As the mafculine plural termination of the genitive

cafe was ro, inftead of rvm, in the year of Rome
(9) 494, when the infcription mentioning l. scipio’s

conqueft of Corsica, and redudtion of aleria,
feems to have firft appeared ; it is highly probable,

that the piece in queftion was either coeval with, or

a little anterior to, that year. The infcription is as

follows

:

HONC. OINO. PLOIRVME. CONSENTIONT. R.

DVONORO. OPTVMO. F VISE. VIRO.

LVCIOM. SCIPIONE. FILIOS. BARBATI.
CONSOL. CENSOR. AIDILIS. HIC. F VET.

HIC. CEPIT. CORSICA. ALERIAQVE. VRBE.

DEDET. TEMPESTATEBVS. AIDE. MERETO.

* M. havercamp calls this curious charafler the monogram
of Rome, meaning the word roma, which it very plainly ex-
hibits ; and we may, with as much reafon, denominate the

extraordinary ligature on the reverfe of my quinarius the mono-
gram of the Romans, or the complex character that contains all

the letters forming the word romanoro in it. Sig. Havercamp.
ubi fupra, p. 68.

(8) Morel. Num. Fam. Calpurn. Tab. IV. num. x6. et

Tab. V. Sig. Havercamp. Comment. p. 68. Amftelodami, 1734.

(9) Joan. Nic. Func. De Puerit. Ling. Lat. cap. v. p. 133,
134. Marburgi Cattorum, 1720.

t
Vol. LX1V. T t Hunc
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Hunc unum plurimi confentiunt Roma,

Bonorum optimum fuiffe virum,

Lucium Scipione?n. Filius Barbati ,

Conful,
Cenfor, JEdilis, hie fuit.

Hie cepit Corjicam
,
Aieriamque Urbem.

L)edit Fempe/iatibus adem merito.

For -a farther account of which very curious inferip-

tion, recourfe may be had to the authors here referred

to, as well as others who have expatiated very largely

upon it ( i o).

V.

From what has been here laid down it feems

highly probable, that my quinarius firft appeared

about the year of Rome 494, or rather that its firft

appearance was a little anterior to that year. Which
if we admit, it will follow, that the Romans bor-

rowed the monogrammatic way of writing rather

from the etruscans than the Greeks, as 1 afierted

in (1 1)
one of my former papers ; with the firft of

which nations they were perfectly well acquainted,

(10) Though the events mentioned by this infeription are a

year later than thofe glorious exploits recorded by the Duilian,

yet the rudenefs of the language announces the former to be

much fuperior to the latter in point of antiquity. This, I doubt

not, will be allowed by every fober critic, who examines the

language of both with proper attention. Jacob. Sirmund. Hie-
ronym. Aleand. apud Joh. Nic. Func. ubi fup. ut et ipfe Joh.
Nic. Func. ibid. Vid. etiam Joh. Georg. Graev. Jacob. Fac-
ciolat. Patavin. Joh. Georg. Walch. aliofque philolog. palT.

(11) Philofab. Tranfatl. VoU LXII. Tab. II a. 3. p. 61.

64. not. *a

eve*



C 323 ]

even from the very beginning of their ftate; whereas

they feem to have had little or no intercourfe with

the other, when the piece in queftion was coined.

It remains, therefore, that what 1 advanced, (12) in

the paper here referred to, is clearly and indubitably

true.

VI.

From the explication of the monogram, on the

reverfe of the coin in queftion, we may perhaps

difcover the interpretation of the word romano, on

certain antient coins, which has hitherto not a little

embaraffed the learned. For as it appears from my
quinarius, that the Romans impreffed the word ro-

manoro, for romanorvm, as well as Roma, on

fome of their moft antient (
1 3) coins; we may either,

with Sig. b 1an coni (14), take no in romano for

an earlier termination of the mafcul ne genitive cafe

plural, or make it to hand for romanoro, or ro-

manorvm, and confequently look upon it as a mu-
tilated gentile name. The latter of thefe opinions,

( 1 2) Philofoph. Tranfaft. ubi fup.

(13) The antient coins of cities not feldom exhibit the gentile

names, or thofe of the citizens, inftead of the names of the places

themfelves; fuch names being frequently found in the genitive

cafe plural, as here, on the reveries of thofe coins. Of thi3

SMYPNAmN, GESZAAONIKEnN, SMYRNAEORVM, THESSALONI-
CENSIVM, PAISTANO, for PAISTANORVM, SVESANO, for SVE-
s anorvm, as here, are fufficient proofs, to omit many other

fimilar inftances that occur, and might, with equal facility,

be produced. Vid. Joan. Vaillant. Num. Imperat . Augujiar.

Ctefcjr. iAc. Amftelodami, 1700. Joan. Bapt. Biancon, ubi
fup. aliofque quam plurim. feriptor. pa(T.

(14) Joan. Bapt. Biancon, ubi fup.

T 1

2

however
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however ftrongly oppofed by the learned author above-

mentioned, feems to me to be the moft eligible of
the two.

VII.

It has already been remarked, in a former paper,

that the old etruscans ufed monograms in their

writing, on certain (15) occafions. To what was
there obferved I would beg leave here to add, in

corroboration of that remark, that this has been

likewife alferted by the famous Sig. giovanni Bat-
tista passeri (16), one of the greateft Etruican

antiquaries of the prefent age ; and it is certain, that

fuch ligatures, or complex characters, were actually

made ufe of by the earlier Etrufcans, in fome of their

infcriptions, that have even to this day efcaped the

ravages of time. This has been irrefragably proved

by the authors of the XJniverfal Hijiory (17), who
have favoured the republic of letters with three or

four of thofe complex characters, deduced from
Eirufcan monuments of undoubted integrity and

authenticity, dug up inTufcany, or the antient Pro-

per Etruria. To thefe we have corefpondent types

here in oxford, which may perhaps be of fome
fervice hereafter to the learned world..

(15) Philojoph. Trcnfafi. ubifup.

(i-6) Joan. Bapt. Fader, apud Anton. Francifc. Gor. in Muf.

Etrufc. Voi. III. p. 142. Florentiae, 1743.

(17) Univ. Hijh- Vol. XVI. p. 45. Load. 1748.

VIII.
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VIII.

With regard to monograms in general, it may not

be improper to remark, that they were known and

ufed in feveral parts of the eaft, from pretty remote

antiquity. They occur on fome of the Hebrew
(iB), or Samaritan, and Phoenician coins, as well

as on the Greek and Roman. I have an exceeding

curious Hebrew, or Samaritan, coin, coeval

with Simon the Juft, prince and high prieft of

the Jews, with a monogram upon it ; of which, as it

has never yet been communicated to the learned

world, and is anterior to all thofe ftruck by that prince

hitherto publifhed, I may perhaps fend you a more
diftindt and particular account, in fome future pa-

per. That the Phoenicians were not unacquainted

with monograms, has been admitted by the learned

and ingenious M. pellerin (19), and is evinced

by one or two of the Phoenician infcriptions

on the hones found in the (20) ruins of citium.
That the arabs likewife antiently ufed them,
on certain occafions, we learn from (21) the li-

gatures of the kufic letters, and the infcriptions

flill remaining on feveral of the earlier Arabic
coins.. Nay, they are not dilufed amongft the

modern Arabs,, in their common writing, even at.

( 18) Peller. Let.I. Sur diverfes Medailles, p. c i— 54. A Franc-
fort, 1770.

( 19) Idem ibid.

(20) Poc .DeJ'cript. ofthe Eaft, Vol.II. Par. I. Tab.XXXilT.
n. 12, 18, 31. p. 213. Lond. 1745.

(21) Vid. Monarch. Afiatico- Saracen. Stat. &c. uluftrat, a
M. Georg. Jacob. Kehr, Sleufinga-Franc. Oriental, Tab. 1 .

ct II,. p. i, et alib. Lipfoe, 1724.

this-,
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itHis very day. As for the Greeks, nothing is more
common than ligatures, or monograms, on their coins;

fome of which F. froelich has (22) illuftrated, and
explained. I fay, “fome of which F. Froelich has
6C illultrated, and expl lined, ” as many of them have
been intirely unnoticed by him. That the Palmy-
renes alfo had feveral fuch ligatures, or complex cha-

racters, I have many years fiace inconteftably (23)
proved. But for farther fatisfa&ion on this head,

recourfe may be had to the paper here referred to.

IX.

With refpeCt to the romans, nothing is more
-certain than that combinations of two, three, and

even four elements, formed into one character, not

feldom occur on their coins. More extenfive or

complex ligatures than the monograms of four letters

on their antient medals very rarely appear. I have,

however, an inedited femijjis of the pompeian fa-

mily, with the head of saturn, and behind it

the letter s, the mark of the femiffis, on one fide;

and the prow of a fhip, over which a monogram
compofed of the five letters,^, p, o, m, p, pre-

fents itfelf to our view. Dr. vaillant (24) attri-

butes two fimilar femifles, with a monogram, or conca-

tenation of the five letters l, p, o, m, p, upon the re-

( 22 )
Erafm. Froel. Annal, Compend. Reg. et Rer. Syr.

Tab. XX. p. 158. Viennae, 1754.

(23) Pbilofoph. Tranfafl. Vol. XLVIII. Par. II. p. 693.

Bond. 1755.
_ . ,

(24) Jo. Vaill, in num, Fam. Pompei. p. 275, 270* Am-
ftelodami, 1703.

verfe.5
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verfe, to the pomponian family, and afterts them to>

have been ftruck in the 533d, or 534th year of Rome.
M. havercamp (25) feems inclined to adopt the fame

fentiments. But neither the fize, weight, fabric, nor

forms of the letters of mine will permit us to afcribe

it to the Pomponian family, and affign it fo early a

date j but determine ftrongly in favour of the Pom-
peian, and, in conjunction with what has been ad-

vanced by havercamp (26), evince it to have been;

ftruck by quintus pompeius, the grandfon of

pompeius rufus and sulla, a little after the

(27) middle of the feventh century of Rome. I could

expatiate more largely upon this very valuable piece,

which is tolerably well preferved, did not the in-

tended brevity of this paper reftrain me, and oblige

me now to conclude ; which I fhall therefore beg
leave to do, with affuring you that I remain,

s 1 r.

Your moft humble,

and moft obedient fervant,

Chrift-Church, Oxon..

0<ft. 18, 1773. JOHN SWINTON,

(25) Sig. Haverc.. Comment, p. 340. Amftelodami, 1734..

(26) Idem ibid. p. 342.

(27) Sig. Havercamp. ubifup. p. 342.

The End of Volume LXIV. Part I;
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PHILOSOPHICAL
TRANSACTIONS.

XXXIV. AJlronomical Obfervations made at

Chiflehurit, in Kent, in the courfe of the

Tear 1773. By the Rev. Francis Wol-
lafton, LL.B . jF. R . S.

Redde, Mar. yry having thefe two laft winters
1774

’ !. X communicated to this fociety,

what aftronomical obfervations I had occafionally

made in the courfe of each year, feems to be a call

upon me to continue the fame now. And I am the

rather inclined to do fo ; becaufe I could wifh we
were favoured with the correfpondent obfervations

of all our worthy brethren, and therefore ought

not to be backward to throw in my mite towards a

general flock.

My inflruments and fituation are the fame as

before defcribed ; and the following tables are in the

fame form as the lafl year. My clock has been kept

Vol. LX IV. U u g°ing
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going on, without any alteration of any kind : it is

only by long and uninterrupted trials, that any judge-

ment can be formed concerning the caufe of

errors.

The three firft months of the following tables

are, perhaps, lefs accurate than they might have

been. I was abfent from home great part of that

time j and could only take fuch obfervations as oc-

curred when I was occalionally in the country

:

hence the thermometer and barometer might be

either higher or lower, in any of thofe months,

than I have, here fet them down. I could truly

give none but what I obferved.

In the courfe of the fummer I received from

Mr. Nairne a Smeaton’s hygrometer

,

which I had

ordered the year before. 1 did not get it adjufted

to my mind till the beginning of Aug-uft j but from

that time, have added its higheft and lowed: Hate in

each month, to thofe of the thermometer and ba-

rometer. Its (ituation is the fame as that of the

clock itfelf
;
being fattened againft the fame wall,

and clofe by its fide. I do not apprehend the rod

of the pendulum to be affe&ed by fudden or fmall

changes in the degree of humidity of the air ;

though it feems to be fo by a long continuance of

damp or dry weather. The hygrometer may per-

haps (hew that. The general drynefs of fummer,

and the thickening of the oil in winter, (as far as I

have had opportunity for trial) I take to be the

principal caufes of the change of rate in fuch a

clock as mine. It now throws out rather lefs than

it did :
perhaps owing to its being lefs clean, or to

the drying of the oih

J772.
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Clock 4- too fall

— too flow

for mean fol. time.

2 Clock + 55 .
13.0

14 4 .38,9

*9 4 16 3>5

10 4 16 20,4

3° 4 16 18,5*
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61.7

5 s ,i

57.2

44 -'

37 - 3 :

z 7>7

17.8

20,4

1833

Num-
ber of

days.

r
t
z

35
22

20

4
z7
11

16

1

2

»4

7

9
r 9
10

ji

12

16
20
2.1

10

10
12

*3

*5

.17

1

1

23
>21

Rate per

day.

4 2 > r5
+ 0,70

4 o,77

— 0,095
-j- 0,20

4 0,I 5

40,48
4 1,06

4 2,96

42,87
-4 3-03

44-24
4 4- 25
4 3-93

44.H
44.44
44 >

66

45^6
4 5.4o

46,17
4 5,.81

44»77
4 3.39

4 2-55

4 *.63

4 1 462

4 0.89

-f* o » 8 8

Throwing out

South fide.

0 1

1 45

•2 46

1 43

1 38

1 39

1 37

j 42

1 44

1 46

1 45

1 44

* 39

1 35

» 34

North fide.

0 l

1 48

I 48

1 45

1 42
1 42

1 40

1 4 S

1 46

1 49

1 48

1 47

1 42

T-m

1 55

U u % ^$72.
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1772.

Thermometer without

doors, expofed to

the north.

Therm,
near the

clock.

Barom. on

theground

floor.

Hygrom.
near the

clock.

Hor. 8. Hor. 2. H. 11. Hor. 9.

Mat. P. M. P. M. Mat.

Higheft 46 56 56 52 30,02

Loweft 39.5 4* 39 44 29»3 1

Higheft 49 5 1 48 5° 30,20

Loweft 30 33 3*°»5 34 29,01

1773.
, Higheft 50 5 2 48 5« 3°. , 5

Loweft 30 34 21 34 28,56

^Higheft 48 5° 48 48 30,

4

2

Loweft *3 3 1 22 Z9 28,44
Higheft 53 65 48 55 30,26
Loweft 33 39 31 40 29,58

A *1 Higheft 53 63 48 53 3°> 2 7
April

Loweft 40.5 44 35 48 28,82

Higheft 61 /O 57 57 30, 1 9
Loweft 4 2 4 1 33 45 29,19

T .

' Higheft 70 74 61 64 29.99
June <

Loweft 48 54 43 5 2 29,18

f
Higheft 77 6S 6; 30,18

J u,y Loweft 5
2 57 48 55 29,58

; Higheft l l 82 64 69 30,06 2 3.ttugt
Loweft 55 61 5° 54 29,n 9,5

: Higheft 64 66 59 60 29.97 39Ocpi*
Loweft 48 5 2 47 49 29,045 15

OR.
: Higheft 59 62 58 55 30,16 39
Loweft 4 2 49 40 47 28,95 20

; Higheft 49 54 5 2 5° 30,09 63
Loweft 30 33 30 38 28,42 20

r Higheft 48 5°
1

47 46 29,97 67
MVVt

1 Loweft 28 36 i 27 36 28,S6 30

Occultations
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Occultations of Stars by the Moon. Obferved

with a 31-feet achromatic telefcope, magnifying

1 50 times.

1 773 •
App. time.

J
,

\ Feb. 6. D 2 ad. cc s>

O / //

6 37 20 Im. Perhaps 1" fooner. J

? Feb. ib. 5 * (N° S3

7 38 48

9 4 59

nearly full, and a protube-

rance juft at that part of her

ragged edge which feemed to

miftead me.
Em.
Im. good. Dark limb. 44 be-

$ Sept. 7

of La Caille,

I believe.)

D Aldebaran

9 5 6 S°

™ 48 39>5

gan to lofe fome of its light

9" before it difappeared.

Em. doubtful. J low, and
great undulation. Em. per-

haps 20" fooner.

Im. very good. Alt. about 3

5

0
.

D Nov. 1

.

J Aldebaran 9 *3 44

Em. rainy.

Im. very good. Light limb. Alt.

10 13 3

2 5
0 30'.

Em. It might perhaps be \"

fooner, but not more. Alt.

35
° *

5
'-

I have obferved many other occultations of fmall

rtars

;

but, as their emerfions were fcarcely vifible,

and probably there hatfe been no correlponding ob-

fervations, I fuppofe it can be of no ufe to record

them.

ECLIPSES
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eclipses of jupiter’s satellites : obferved

with the fame telefcope, magnifying 100 times.

In thefe eclipfes, I have endeavoured to make ufe

of the method recommended by M. bailly, in a

paper communicated to this fociety the la ft year,

and printed in our Tranfatlions, Vol. LXIII. p. 185.

The diameter of the aperture of my telefcope is

3,6 inches j and the diaphragms I have made, have

their apertures differing from each other in diameter,

as near as may be, _L.th of an inch. When the air

is fteady for any continuance, and uninterrupted

with clouds, even though it be not perfectly clear,

I fhould apprehend this method may be of confi-

derable ufe in reducing the obfervations of different

perfons to fome ftandard : but when there are flying

clouds, or any changes in the atmofphere, during the

obfervation, it cannot be fatisfa&ory ; and at iuch

times may be fcarce worth attempting) unlefs for

the fake of rendering fuch pra&itioners as myfeif

more expert, when the air is more favourable to

their endeavours.

I have, in fome of thefe eclipfes, as well as the

preceeding occultations, fet down the altitude of

the objeCt
;

as that may fometimes be of ufe, in con-

fidering the ftate of the obfervation. But it fhould

be remembered, that thefe altitudes are not taken

with any great precision. In thefe eclipfes, as in the

occultations, I have fupprefled thofe obfervations

which appeared doubtful; they tend only to

;miflead..

* 77*
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1772. App.time.

h Nov. 14. Firft fat.

h / //

5 59 44 Em. good.

* 773 -

© Aug. 8. Third fat. II 15 dr

inches.

rnvifible 0,4 aperture.

11 24 23

11 31 10

£m. 0,6
Im. 3,6, or whole aperture.

Obfervation good.
Night clear, if.

Alt. 21°.

This being the firft trial of the diaphragms, and the evening

favourable, I tried the effedl of them upon the other fa-

tellites.

inch. inch.

Second fat. near If invifible 0,8 vifible 0,9
Fourth fat. fcintillation °»4 vifible 0,5

$ Aug, 31

J 8ept. 20

Firft fat. •

9 4° —
9 49 46

9 5 1 44

Second fat. 1235 —
12 43 14

12 44 51

Firft fat. 12 47 8

Third fat. 1
1 40 dr

M 46 19
1

1 5 1 6

11 51 23

:]In viflble 0,7 aperture.

Im. i,o;-but quere, I have
fome fufpicion I

ufed 1,2 by mif-

take ; for I foftnd

that afterwards in

the cap which con-
tains the diaph.

3, 6, or whole aperture.

Alt. 200 20'. Air
calm, but not very

clear. D diftant

from- If. 3 20 .

'

°>7

!,0

3,6 Alt 39
before.

Air as

0,8

ing clouds at that

time, though clear

afterward.

3,6 good. Alt. 39
0

.

177 ?
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t 77 2.'

h Ott. 9 Firft fat.

h ft/

45 35 Em. 3,6 good. Alt. 38° 30'.

$ 19 Third fat.

10 47 34
10 48 49
10 55 ±

6 33 29

Em. 1,$-

Em. 1 ,o

Invifible o, 7 a little hazinefs made
the trial of the

diaph. uncertain.

Em. 3,6 good. Alt. 19 -f-

g 20, Second fat.

6 36 28

6 40 ±
9 5 g l 9

Em. 1,0

Invifible 0,5 night clear and {till.

Em. 3,6 good obf. Alt. 38®.

9 59 2
5

10 0 45
to 5 ±

Em. 1,0

Em. 0,6
Invifible 0,5

Other Obfervations, made with the fame telefcope,

magnifying 150 times.

If. Sept.

h Sept.

App.time.

h / n

2 8 55

I I o

4. 9 50
I

1 2 o

o

o

o

[ looked at If to obferve the fiiadow of the 2d
fat. then on his dife ; and thought I faw the

fat. itfelf very vifible, though central, and on

a bright zone, and much larger than I could

expedt it to appear; reaching from the mid-
dle dark belt, which it indented, acrofs the

bright one, and quite into the next dark one.

Vidt fig. I.

I looked again to obferve its exit
;
when I per-

ceived the fat. in a very different part of the

dife : and now perceived that what I had fecn

before, mult be a fpot on If himfelf ; which,

though now gone, had been very vifible with
the power of 100, notwithftanding ]) was
diftant from If but 6°.

Spot feen again, advanced about i or more.
I was now convinced that the fpot was on the

dife itfelf.

Spot not vifible. The fouthern (or upper) belt
aPPears only on each fide ; but is discontinued
in the middle.

6 5 Sept.
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App.time.

h / "

3) Sept. 6. 8 45 0

n iS 0

No fpot vifible ; nor the belt contiguous to it,

that I could perceive. The fouthern belt now
compleat. The 3d fat. juft emerged from
behind %.

Spot appears ; and the northern belt feems to

appear about the fame time. This belt was

continued all round the planet the year

before. The lower or northern edge of

the middle zone, this year much darker than

the fouthern.

Sept. Li. to 44 0 Spot } advanced. The 4th fat. in inferior con-

junction ; feemingly in contafl, but not on the

difc. Vide fig. II.

Spot central, as near as I could judge.5 Oft. 1 3. 7 30 0

? Oft. it;. 900 Spot almoft central ; that is, its preceding edge
central. The planet very clear. The middle

belt appeared undulated, juft as in fig. III.

$ Nov. 9. 5 10 0
.

Spot ftill vifible, about f advanced. I liave

not been able to attend to it fince that time.

Since the reading of a Paper, communicated laft

year to this fociety by Dr. wilson, Profeflor at

Glafgow, on the fpots of the fun ; who mentions

fome appearances when they approach the limb,

which 1 thought I had now and then obferved ; I

have frequently turned my glafs that way, as occa-

fion offered, in order to lee whether thofe ap-

pearances were conftant, or what might be difco-

vered to confirm the hypothefis laid • down in the

latter part of that paper.

Dr. wjlson, I hope, will excufe me when I fay,

that the appearance he 'mentions when the fpots

approach the fun’s limb, as if they were in a cavity

on his furface, is not conftant. They generally

have appeared fo to me, I confefs. But as they

fometimes have not, and asJ have very frequently feen

Vql. LXIV. X x them
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them a Intoft in contact with the limb

; that is,

hot § of a lecond of time diflam in palling a wire,

for 1 have no micrometer; I think they can fcarcely

be in fuch a hollow, below his ihrface, as the dodfor

defcribes. To me, indeed, by the brighter light

often adjoining to them when near the limb, they

have rather put on the appearance as if they were
in the crater of a volcano on the top of an

eminence, which then turned its fide towards us

;

and if fo, the fpot would appear fomewhat nearer to

the limb than it addually was. I have, indeed,

never feen any protuberance on either limb of the

fun, as I have on the moon ; but I have many times

obferved, near the eaftern limb, a bright facula juft

some on, which has the next day fhewn itfelf as a

fpot ; though I do not recoiled to have feen fuch a

jacula near the weftern one, after a fpot’s dif-

appearance. Yet, I believe, both thefe eircum-

fiances have been obferved by others; and perhaps

not only near the limbs.

As to the nebula ; they are certainly not always,

though they are ufually, quite round each fpot, of

each clufter of fpots ; neither are they always ex-

ternally convex. The fpot, fig. IV. which I faw

Nov. 13, nearly in the centre of the fun, is a re-

markable inftance of the contrary. Nothing there-

fore can be concluded from that circumftance. Be-

fides, fpots are fometimes quite without any nebula»

at all ; or none that I could perceive with any

power of my glafs.

What, the fpots, or their n&bula
,

are, I pretend

not to gueft. To me they appear as if they were

adjoining to the furface ; though, that, is doubted by

better
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better aftronomers, who have calculated their mo-
tions. The circumftance of thefaculce being fome-

times converted into fpots, I think I may be fure of.

That there is generally (perhaps always) a mottled

appearance over the face of the fun, when carefully

attended to, I think I may be as certain. It is moft

vifible towards the limbs ; but I have undoubtedly

Teen it in the centre : yet I do not recoiled to have

obferved this appearance, or indeed any fpots, to-

wards his poles. Once I faw, with a 12-inch .re-

flector, a fpot burft to pieces while I was looking at

it. I could not expeft fuch an event; and there-

fore cannot be certain of the exaCt particulars : but

the appearance, as it {truck me at the time, was

like that of a piece of ice when dafhed on a frozen

pond, which breaks to pieces and Aides on the

lurface in various directions. I was then a very

young aftronomer ; but think I may be fure of the

fa ft. Perhaps I may be thought a young aftronomer

fti!l, for throwing out thefe rough obfervations and
crude thoughts : but whatever they be, if my errors

fhall lead others into enquiries which may be pro-

ductive of certainty, their end will be anfwered.

Chillehurft,

Jan. 5, 1774.. FRANCIS WOLLASTON.

*' ' ’
' ; ’ 1 .

.

'T i t•

X x 2 XXXV. 'An
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XXXIV. An Account of a Woman acci-

dentally burnt to death at Coventry. By
B. Wilmer, Surgeon , at Coventry. In
a Letter to Mr, William Sharpe.

S I R,

Redde, Mar. 2o,rr^H E following cafe, which has
1774

’ lately engaged the attention of

every one in this part of the world, appears to me
fo very extraordinary, that I was determined to give

you a minute account of its circumflances ; which
will be the more agreeable to you, as you may de-

pend upon the truth of every thing that I fhall relate

to you, concerning it.

mary clues, of Gosford ftreet, in this city,

aged 52 years, was of an indifferent charafter, and

much addifted to drinking. Since the death of her

hufband, which happened about a year and a half

ago, her propen fity to this vice increafed to luch a

degree, that, as I have been informed by feveral of

her neighbours, fhe has drank the quantity of four

half pints of rum, undiluted with any other liquor, in

a day. This practice was fo familiar to her, that fcarce

a day has paffed this laft twelve-month, but fhe

has fwallowed from half a pint to a quart of rum
or anifeed-water. Her health gradually declined

;

and.

3
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and, from being a jolly, well-looking woman, fhe

grew thinner, her complexion altered, and her fkin be-

came dry. About the beginnning of February lad:,

fhe was attacked with the jaundice, and took to her

bed. Though fhe was now fo helplefs, as hardly to

be able to do any thing for herfelf, fhe continued

her old cuftom of dram-drinking, and generally

fmoaked a pipe every night. No one lived with her

in the houfe. Her neighbours ufed, in the day, fre-

quently to come in, to fee after her; and in the

night, commonly, though not always, a perfon fat

up with her ; to whom die has often cried out, that

fhe faw the devil in fomepart of the room, who was;

come to take her away.

Her bed-room was next the ftreet, on the ground-

door, the walls of which were plaidered, and the

door made of bricks. The chimney is fmall, and
there was a grate in it, which, from its fize, could

contain but a very fmall quantity of fire. Her bed-
dead dood parallel to, and at the didance of about

three feet from, the chimney. The bed’s head was
clofe to the wall. On the other fide the bed, oppo-
fite the chimney, was a window opening to the

dreet One curtain only belonged to the bed, which
was hung on the fide next the window, to prevent

the light being troublefome. She was accuftomed
to lye upon her fide,, clofe to the edge of the bed-

dead, next the fire; and on Sunday morning, March
the id, tumbled upon the door, where her helplefs

date obliged her to lye fome time, till Mary Holl-
yer, her next neighbour, came accidentally to fee

her. With fome difficulty Ihe got her into bed.

The fame night, though die was advifed to it, fhe

refufed.
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refufed to have any one to lit up with her ; and, at

half pall eleven, one Brooks, who was an occa-

fional attendant, left her as well as ufual, locked up
her door, and went home. He had placed two bits

of coal quite backward upon the fire in the grate,

and put a fmall rufh-light in a candleftick, which
was fet in a chair, near the head of the bed; but

not on the fide where the curtain was. At half after

five the next morning, a fmoak was obfervcd to come
out of the window in the fheet

;
and, upon break-

ing open the door, lbme flames were perceived in

the room, which, with five or fix' buckets of water,

were eafily extinguifhed. Betwixt the bed and fire-

place lay the remains of Mrs. clues. The legs

and one thigh were untouched. Except thefe parts,

there were not the leaffc remains of aftyfkin, mulcles,

or vlfcera. The bones of the lkull, thorax , fpine,

and the upper extremities, were compleatly calcined,

and covered with a whitilh efflorefcence. The lkull

lay near the head of the bed, the legs toward the

bottom, and the fpine in a curved direction, fo that

fhe appeared to have been burnt on her righrfide, with

her back next the grate. The rightfemur was fepa-

rated from the acetabulum of the ijchium ; the left was
alfo feparated, and broken off about three inches below

the great trochanter. The conne&ion of theJ'acrum

with the ojja innominata, and the inferior vertebra of

the loins were deftroyed. The intervening ligaments

kept the vertebra of the loins, back, and neck to-

gether, and the lkull was ftill refting upon the atlas.

When the flames were extinguifhed, it appeared that

very little damage had been done to the furniture of

the room ; and that the- fide of the bed next the fire

- * had
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had fuffered moft. The* bedftead was fuperficially

burnt j but the feather-bed, fheets, blankets, &c.

were not deftroyed. The curtain on the other fide

the bed was untouched, and a deal door, near the

bed, not in the lead: injured. I was in the room
about two hours after the mifchief was difcovered.

I obferved, that thewalls and everything in the room,

were coloured black: there was a very difagreeable'

vapor ; but I did not obferve, that any thing was
much burnt, except Mrs. clues ; whofe remains I.

law in the date I have juft defcribed. I took away one
of the bones (the remains of the facrurri) which you
have inclofed with this letter. The only way that I can

account for it is, by fuppofing that ffie again, tum-
bled out of bed on Monday morning, and that her

fhift was fet fire -to, either by the candle from the ;

chair, or a coal falling from the grate. That her folids

and fluids were rendered inflammable, by the. im-
Oienfe quantity of fpirituous liquors fhe had, drank 5

and that when fhe was fet fire to, fhe was probably foon

reduced to allies, for- the room fuffered very little.

Caventry,

April 9/1772,. B..WILMER,

Receives!
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XXXVI. Experiments on Atnmal Fluids in

the exhaufied Receiver. By D. Darwin,

M. D. of Litchfield. Communicated by

Dr . Franklin.

Redde, March 24, V AHE antient opinion, that air
I774

' X. exifts in Tome of the blood-

veffels, was exploded by the difcovery of the cir-

culation. Bat many of our modern theories feem to

have conceived, that an elaftic vapour of fome kind

exifts in the blood-veffels, as they have afcribed the

lunar and equinoctial difeafes to the variations of

atmofpheric preffure.

This opinion feems to have arifen from obferving,

that the fkin rifes, and that the veffels are diftended,

even to burfting, under a cupping-glafs ; when the

preffure of the atmofphere is taken off from one

part, and continues to adt on all the remaining fur-

face of the body : and would indeed, at firft light,

appear to be demonftrated by the following experi-

ments.

About four ounces of blood were taken from the arm
of one of the attendants, and immediately put under

the
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the received of an air-pump ; and, as the- air wab

exhauding, the blood began to fwell, and to rife in

bubbles, till it occupied above ten times its original

fpace.

As falfe reafoning is, in no fcience, of more dan-

gerous confequence, than in that of medicine, I per-

luaded myfelf the removal of this error might be

thought worthy the attention of the Royal Society.

In April 1772, Mr. young, an ingenious furgeon

at Shiffnal in Sbropfhire, and Mr. waltire, who
gives very accurate ledtures in natural philofophy,

made, at my requed, the following experiments.

1. A part of the jugular vein of a fheep, with the

blood in it, was included between two drift liga-

tures, during the animal’s being alive, and being cut

out with the ligatures, was immediately put into a

glafs of warm water, and placed in the receiver of

an air-pump : it funk to the bottom of the water,

and would not rife when the air was diligently ex-

hauded,, It was then wiped dry, and laid on the

brafs floor of the receiver, and the air again exhauded,

but there was not the lead vidble expanfion of the

vein, or its contents.

2. A ligature was put round the neck of the

gall-bladder of the fame animal, as foon as it was
daughtered ; the gall-bladder, with the bile in it,

was fird put into water, in which it funk, and was
placed in the exhauded receiver of the air-pump j

and was afterwards wiped dry, and laid on the brafs

plate at its bottom, as in the former experiment

;

but in neither cafe, on the greated degree of ex-

haudion, did it fhew the lead alteration of its bulk.,

Vol. LXIV. Yy 3. The



r 346 ]

3. The neck of the urinary bladder of the fame
animal was well fecured with a ligature, and con-
tained about two or three ounces of fluid. The
bladder funk immediately on being put into warm
water ; but, upon exhaufting the receiver, many
filver-like globules appeared upon the furface of it

;

and it foon fhewed manifeft ligns of expanfion, and

rofe to the top of the veffel. The fame experiment

was tried with it wiped dry, and laid on the floor of

the receiver, and the refult was, that its expanfion

and contraction were very perceptible to the eye.

In January 1773, by the affiftance of Mr. Web-
ster, an ingenious furgeon from Montrofe, the

above experiments were repeated in the manner fol-

lowing.

A part of the vena cava inferior of a large fwine,

which was killed by fome ftrokes on his head with

an axe, was intercepted, when full of blood, be-

tween two ligatures. The part was about an inch

and ap'half long, and held, by conjecture, near an

ounc^ of blood ; this was immerfed in warm water,

as foon as it was cut out of the warm body, and

immediately put into the receiver of an air-pump.

The air was well exhaufted, and again let into the

receiver repeatedly, without any appearance of en-

largement of the vein; which mull; have been eafily

perceivable by its afeending in the warm water.

The fame experiment was tried on the urinary

bladder, with the fame fuccefs, the urethra being

tied with a ligature, whilft it was flill in the body.

The gall bladder rofe in the warm water, though

the bile-dudt was tied before it was taken out of

the body, and had air bubbles appearing on its tides,

like
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like globules of quickfilver, as happened to the

urinary bladder in the experiments at Shiffnal

;

which, in both cafes, we afcribed to fome por~

tion of cellular membrane adhering to the bladders,

into the cells of which, at the time of cutting them

out, fome air had infinuated itfelf.

In thel'e experiments the water, in which the ani-

mal parts were immerfed, was warmed to about an

hundred degrees of Fahrenheit’s fcale, left a greater

degree of heat in the water might have railed an

elalfic vapour from thefe fluids, which did not na-

turally exift in the living animal ; and all the parts

were well cleared from the cellular membrane and

fat i as it was imagined the atmofpheric air might

intrude itfelf into the cellular* membrane, as is feen

in tearing off the fkins of animals recently killed, and

which did indeed aifappoint two of the above experi-

ments, as was manireft from the filvery globules,

which appeared upon the furfaces of the bladders.

From the fadts eftablifhed by thefe experiments,

we may draw the following conclufions.

I . That fo great a change is produced in the blood,

by its receiving, in its paflage from the arm of the

patient to the bafon, a great admixture of atmo-
fpheric air, that the experiments afterwards made
on its fenfible or chemical properties are rendered

very uncertain and erroneous ; ftnee the fluid colour

of the blood, its property of coagulation, and per-

haps of putrefaction, may depend on this afcititious

admixture of atmofpheric air : and, at the fame
time, we fee why fo much lefs froth is produced
in the operation of cupping, than from blood placed

in the exhaufted receiver of an air-pump; though
Y y 2 perhaps
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perhaps as great a degree of vacuum is made in one
cafe as in the other.

2. It is probable, from thefe fa£Is, that animal

bodies can bear much greater variations of the pref-

fure of the atmofphere, than the natural ones,

without any degree of inconvenience. Some who
have afcended high mountains are faid to have been

feized with a fpitting of blood : but as this never

happens to animals, that are put into the exhaufted

receiver of an air-pump, where the diminution of

preflure is many times greater than on the fummit
of the higheft mountains, it is probable it was an

accidental difeafe, or was owing to fome violent exer-

tions in afcending. And in the curious account Dr.

Halley gives of his defcending in a diving-bell fo

low, as to have the weight of many atmofpheres

over him, no other complaint is recorded, but a

difagreeable fenfation, as he was defcending, like

fomething bunding in his ears, and which recurred

at about the fame depth of water in his afcent.

From the above obfervations of Dr. halley on

the fenfation in his ears, when he defcended and

afcended in the diving-bell, I was led to imagine,

that the air contained behind the tympanum in the

veji'ibulum
,

cochlea ,
and femicircular canals of the

ear, had found or made itfelf a way into the Eujla-

cbian tubes, or into the external ear, by fome un-

difcovered paffage j and concluded, that a limilar

operation might be of fervice to fome deaf people,

where the immediate caufe of their deafnefs might

be owing to the excefs or defedt of this internal air.

For this purpofe, a cupping-glafs, which had a

fyringe to exhauft it, was put over the ears of three

different

5
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different people, who were very hard of hearing..

The inequality of the mammoid procefs of the tem-

poral bone, made it neceflary to put two or three

circles of wafh-leather dipt in oil around the helix

of the ear. On working the air-fyringe, the external

ear fwelled, and became red ; and at length the pa-

tients complained of pain in the internal ear, and the

air was re-admitted. One of thefe three patients

heard confiderably better immediately after the opera-

tion, and received permanent advantage;, the others

received neither benefit nor difiervice.

If this fmall degree of fuccefs from the ufe of the

cupping-glafs, as fo little pain or trouble attends the

operation, fhould encourage other deaf perfons to

make ufe of ir, it may be a means to give fome light

into the intricate difeafes of this organ, the ftrudture

of the parts of which, and their uies are yet fo little

underflood.

JUL >v CXXVII. Am
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XXXVII. An Account ofa Storm of Light-

ning obferved on the if of March , 1774,
near Wakefield, in Yorkshire, by Air,

Nicholfon, Leacher of Mathematics in

Wakefield. Communicated by Dr,
Prieftley.

> ^

' ’ * • > t i k.i, ^ >

TO THE REV. DR. HORSLEY, SEC. R. S.

DEAR SIR,

Redde, April 14,

1 7 74 * THE following account of a

ftorm of lightning was com-
municated to me by the obferver Mr. nicholson
teacher of mathematics in Wakefield, who is a very

ingenious man, and a good eleflrician. I have no

doubt of his having given proper attention to the

phaenomena which he has mentioned, or of his

exadtnefs and fidelity in defcribing them. Some of

the circumftances appear to me to be very extraor-

dinary ; and, as far as I know, quite new, not

having been noticed by any writer that I have met
with ; I therefore think it very proper that the ac-

count of them be communicated to the Royal

Society.

Iam, DEAR SIR,

Your very humble fervant,

la JOSEPH PRIESTLEY.
ON
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ON the i ft of March, about half an hour paft

fix in the evening, as I was returning from crofton,
a village near wakefield, I law, in ihe north- weft,

a ftorm approaching ; the wind, which had been

ftrong all the day, letting from the fame quarter;,

and, as in the afternoon of the fame day, there had

been fome violent fhowers of hail, I made the beft

of my way to the turnpike at Agbridge. The air was
fo much darkened, before the ftorm began, that it

was with difficulty I found my way.

When I was about three hundred yards from the

turnpike, the ftorm began; when I wasagieeably

furprized with obferving a flame of light, dancing on
each ear of the horle that I rode, and leveral others

much brighter on the end of my ftick, which was
armed with a ferule of brafs, but notched with

uflng. Thefe appearances continued till I reached

the turnpike-houfe, where I took fhelter.

Prefently after, there came up five or fix graziers,

whom I had palled on the road. They had all feen

the appearance, and were much aftonifhed. One of
them, in particular, called for a candle, to examine
his horfe’s head, faying, “ It had been all on fire,

“ and muft certainly be finged.”

After having continued about twenty minutes,

the ftorm abated, and the clouds divided, leaving

the northern region very clear ; except that, about

ten degrees high, there was a thick cloud, which
feemed to throw out large and exceedingly beautiful

ftreams of light, refembling an Aurora Borealis, to-

wards another cloud that was paffing over it ; and,

every now and then, there appeared to fall to it fuch

meteors
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meteors as are called falling fan. Thefe appear*

ances continued till I came to Wakefield ; but no
thunder was heard.

About nine o’clock a large ball of fire parted

under the zenith, towards the fouth*eaft part of the

horizon. I have been informed, that a light was

obferved on the weathcr-cock of Wakefield fpire,

which is about 240 feet high, all the time that th«

ftorm continued.

XXXVIII. Ac-
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XXXVIII. Account of a Woman enjoying

the Ufe of her right Arm after the Head

of the Os Humeri was cut away . By

James Bent, Surgeon ,
at Newcaflle,

Communicated by Hr, Hunter.

Redde, April 28, Ifc yfTR. white, of Mancheffer, in an
I774

'

JLVJL hiftory of an operation performed

upon the humerus
,
publifhed in his treatife, entitled.

Surgical Cafes ,
with Remarks , and read before the

Boyal Society, Feb. 9, 1769; aflerts, that he fawed

off the upper head of that bone ; and that his

patient enjoyed the entire ufe of the joint. As the

fuppofition of the head of the bone, with its liga-

ments, &c. being regenerated, muff appear a little

marvellous, and may prevent fome from paying

that attention to the operation, that it certainly merits,

I flatter myfelf the following cafe will not be

unacceptable to the Royal Society, as it proves,

that the operation is not only pra&icable, but ad-

vifeable; and, at the fame time, points out the na-

ture of Mr. white’s miftake. In plate VI. fig. 1.

he has given a drawing of the bone he cut off; the

bare infpedtion of which is fuflicient to convince any
one, that it could be only the body of the humerus

Vol. LXIV. Zz that
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that was carious, and feparated from its epyphyjis j as

the round head, with its cartilage, is wanting ; and,

I believe, there are few inftances where the whole
head of any bone is fo entirely deftroyed, in two or

three weeks (*z) by a cartes, as that drawing repre-

fents. Hence it appears, that the joint, with its

capfular ligament, remained in a found ftate. We
fhall be farther confirmed in this opinion, if we
attend to the defcription he has given of his mode of

performing the operation, (vide p. 58.) where he
fays, “ that he began his incifions at the orifice

“ which was fituated juft below the procejjus aero-

“ mion." Now as the procejjus acromion reaches a

little over the joint, his beginning his incifion below

that muft, of courfe, be below the infertion of the

capfular ligament.

mary turner, a farmer’s daughter, ofipstones,

in this county, applied to me in October 1771, on

account ofan abfeefs in the joint of her right fhoulder,

with which fhe had been afflided near three years.

Upon examining it, I found three apertures; two

near the middle and lower edge of the clavicle ; and

the third, near the infertion of the pedtoral mufcle

into the humerus. By introducing two probes, from

the upper and lower orifices, they eafily met in the

joint, the opening into which, through the liga-

ment, feemed to be very fmall, and X could per-

ceive the head of die humerus carious. As in this

cafe, there feemed nothing to be propofed for her

relief, but either to amputate the arm
;

or, by

(a) Vide p. 57, of his Treatife.-

an
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an opening, to cut away the head of the bone. I

determined upon the latter ; and accordingly began

my incifion from the upper orifice, near the clavicle,

and continued it over the joint to the infertions of

the pedoral mufcle: but finding a fingle incifion

too fmall, to allow me to get at the head of the

bone readily, I feparated a part of the deltoid mufcle.

from its infertion into the clavicle ; and likewife a

little of its infertion into the humerus
,
which gave

me liberty to come at the joint, the capfular liga-

ment of which, from frequent inflammation, was

fo thickened, and kept the head of the bone focloib

to its focket, that it Was with difficulty I could in-

troduce a fpatula between them. This likewife,

after opening the ligament, prevented the head of

the bone from rifing out of its focket, upon prefling

the elbow backwards, as is common in performing

the operation upon a dead body, when the joint is

in a found ftate; fo that I was obliged to feparate it

quite round, before I was able to come at the bone
with the faw. I then moved the elbow backwards,

and brought the head of the bone over the pe&oral

mufcle, as I faund it impoflible to faw it dire&ly

a-crofs, as Mr. white direds, without leaving a

confiderable portion behind, that had been laid bare

with the knife, and which, in all probability, mufl:

have exfoliated. By placing a card betwixt the edge
of the deltoid mufcle and the bone, and the faw
within the incifion, with its point into the joint, I

cut off all that had been deprived of the periofteumy

and had no exfoliation j nor had I occafion to take

up one artery. As the tendon of the biceps mufcle
was cut through, 1 kept the fore-arm fufpended.

Z z 2 ' My'
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My patient walked from my houfe to her own-

lodgings; her pain not very confiderable, and flie

recovered, by the common treatment, without any
bad fymptom. She left this town in fix weeks after

the operation.

By ufing her arm too freely when fhe got home,
the cicatrix was tore open about an inch and a half,

which retarded its healing for three weeks longer;

but from that time ihe has remained well. She has

the perfect ufe of the fore arm ; can raife her elbow

about live or fix inches from her fide, put her arm
back, lace her flays, put on her cap, few, and do any

bufinefs, as well as ever, that does not require the

elbow to be more raifed. The upper end of the

humerus plays about an inch below the point of the

fcapula ; and the procejfus acromion and coracoides

appear on each fide of the cicatrix , at nearly equal

diftance. I mention this only to point out more
exadtly the courfe of my incifion.

« 1 j j V i f
• , >

NevveaiHe, Jan. 1 8, 1774.

l_
•
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XXXIX. Continuation of an experimental

Inqiciry concerning the Nature of the

mineral elaflic Spirit
,

or Air, contained

in the Pouhon TVater, and other Aci-

dulce. By W. Brownrigg, M. D. F. R . S.

Addrejfed to Sir John Pringle, Bart.

F. R. S.

TO SIR JOHN PRINGLE, BART. F. R. S.

SIR,

Redde, April z2, TTOU have often, with others of
* 774

’ JL my friends, been pleafed to in-

quire after the continuation of my experiments on
the mineral water of spa, which I promifed to com-
municate to the Royal Society, with a view to ex-

plain “ the mode of union that exifts between the

“ air of thofe waters, and the other principles of
“ which they are compofed, together with the
“ relation which that elaflic fluid bears to common
“ air, and to various other bodies (tf).” Thofe expe-

(a) See Conclufion to an experimental Inquiry concerning
the mineral elaflic Spirit, or Air, contained in Spa Water, Stc

.

Philofophical TranAufliens, Vo!. LV.
rimer, ts
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•riments I, indeed, intended to have prefented to the

Royal Society, foon after my experiments on the fame

fubjedt had been honoured with its approbation j but

was, at that time, prevented from putting them in

due form, by other more preffing engagements ; and,

afterwards, thought the publication of them the lefs

neceflary, as a fimilar mode of union between various

abforbent earths and water, by the medium of me-
phitic air, had been fo fully explained by the Hon.
henry cavendish, in his excellent treatife on the

rathbone-place waters (b ) ; and the folubility of

iron in water, by means of the fame air, had alfo been

demondrated by Mr. lane, in his valuable experi-

ments on that fubjedt (c). However, as my obfer-

vations and experiments are different from thofe of

the above-named gentlemen, and the great efficacy

of this aereal folvent is by them fhewn, in a variety

of inftances ; and, more efpecially, as a coagulating

power in other kinds of air is alfo there detedted j by

which, and the diffolving power of mephitic air,

many great changes in bodies are daily produced, I

therefore now lay thefe papers before you, requeu-

ing, that if, after fo long an interval, I may again be

.allowed to refume this fubjedt, you will do me the

honour to communicate them to that mod refpedtable

body, over which you fo worthily prefide. I am,

_ S I R,

Your moft obliged,

and mod: obedient fervant,

Wm. BROWNRIGG.
(b) Philofophical Tranfadtions, Vol. LVII. p. 92.

<*) Phil. Tranf. Vol. LIX.

5 propo o
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PROPOSITION THE FIRST.

ffle ferruginous and abforbent earths contained in the

Pouhon water are kept dijjohed therein
, by means.

<

of the mephitic air, to which tbofe earths are united..

I
N an Inquiry concerning the nature of the mineral

and elajlic fpirit, or air
,
contained in this water,,

published in the Tranfa&ionsof the Royal Society (a)i

it hath been (hewn
(
b), that when the pouhon water

is excluded from all contact with the common air,,

in fuch manner that the mephitic air which it con-
tains has free liberty to fly from it into an empty
bladder, this air does not feparate from the water by
any fpontaneous motion, as it would from its rare

texture and elaftic force, was it at liberty to exert

thefe its qualities : but, on the contrary, in this fitu—

ation, it remains united to the other ingredients o£
of the water, when expofed to the moft intenfe heat

that we ufually obferve, in the open air,
7
in this out

climate.

It hath been further fliewn (cj, that this elaftic

fluid-, when excluded from common air in the. man-
ner before related,, is but flowly expelled from the

pouhon water by a heat of no degrees of Eahren-'

heit's thermometer,, although fuch heat is fufficient:

to raife water (a much heavier body) in diftillation

(
a ) Vol. LV. p. 233.

(
b
)
Experiment the iirft of the faid Inquiry.,

(c) Experiment the fecond..

andi
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and fo clofely is air united to the other ingredients of

the water, that it is not wholly expelled from them
by a fcaiding heat of 160 or 170 degrees of the fcale,

when expofed thereto for two hours.

Which experiments therefore prove, that this air

is not detained in the pouhon water, by the preffure

of the atmofphere, or by any other external force,

as is the air with which beer, or other fermentiug

liquors, are often furcharged, while they are con-

fined in bottles : but that this elaftic fluid is equally

mixed with the watery element, and with the other

ingredients of which this mineral water is compofed,

and exiits with them in a (fate of folution, or in a

fixed flate, being attached to the water, and to the

other ingredients diflolved therein, by a force iuffi-

cient to keep them all united together in one uni-

form compound, while this force is not removed by

fome external caufe.

It further appears, from the fame experiments
(d),

that fo long as this air continues united to the other

ingredients of the pouhon w7ater, its martial and ab-

forbent earths do alfo remain fufpended therein
; but,

fo foon as any part of this air is expelled by heat,

thofe earths begin to feparate from the water, which
then grows white and turbid

;
and when, by con-

tinuance of the heat, more of this air is expelled,

more of the earthly particles alfo feparate from the

water, in the fame proportion as its air is feparated

from it ; and while only a fmall portion of the air

remains, fome portion of the martial earth alfo re-

mains diflolved in the water, as appears from its

{d) See Experiment the fecond.

giving
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giving a flight tinge of the purple, when mixed
with galls : but none of thofe earths are any longer

detained in the water, than while it continues im-

pregnated with fome mephitic air

j

when this air is

entirely ieparated from the water, it is wholly de-

compounded, having loft its diftinguifhing brifk and
pungent tafte, and its power of ftriking a purple co-

lour with galls ; its more volatile and elaftic prin-

ciples being exhaled, its metalline and abforbent

earths then fublide in a white flocculent fediment,

and no other fubftance remains diffolved in the water,

fave only the fmall portion of alkaline and neutral

falts, which enter its compofition.

From this fhort recapitulation of the above-men-

tioned experiments, it therefore appears, that the

pouhon water undergoes a decompofition, when
its air is expelled from it by means of heat. The
oppofite extreme of cold is alfo found to produce the

fame effedt of decompounding the poui-ion water,

when this its aereal principle is expelled from it by
means of congelation.

For having poured fome of this water into

open tin veffeis, that were placed in the com-
mon freezing mixture of fea-falt and fnow, fo foon

as the water began to fhoot into ice at the bottom
and fides of the veffeis, very minute bubbles of air

inceffantly arofe therein, and were difcharged from
its iurface with fuch force, as to carry with them
fmall particles of the water to a conliderable height

;

and continued thus to fly off, till all the water was
congealed. The ice was very white, from the mi-
nute bubbles of air, which were every where inter-

fperfed though it, and by which the frozen water

Vol, JLXiVk Aaa <con-
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confiderably increafed in bulk, fo as to rife at its

furface into a very convex form. The water, when
thawed, was white and turbid, and foon let fall

its metallic and abforbent earths in a white fediment :

it then had almoft loft its tafte ; and, being mixed
with tindfure of galls, only gave therewith a flight

purple tinge. By a fecond congelation, it feemed

almoft entirely deprived of its air, and, with it, of

the remaining part of its white earths ; and, when
decanted from its fediment, no longer ftruck a co-

lour with galls. From thefe experiments it therefore

appears, that fo foon as this water is deprived of its air,

whether it be by heat or by cold, it is no longer ca-

pable of keeping thofe earths diflolved, which, while

it is impregnated with this air, continue fufpended

therein.

In thefe decompofitions of the pouhon water, by
heat and by cold, no volatile fpirit, either acid or

fulphureous, nor any other fubtile matter, has been

found to fly from it, fave only its mephitic air

:

while this air is prefent in the water, its martial and

abforbent earths remain diflolved therein ; fo foon as

this air is feparated from the water, in whole or in

part, thofe earths, either in the whole or in part, do

alfo feparate from it, and are no longer fufpended

therein, than while they are united to a due propor-

tion of this aerial folvent. From whence it appears,

that this mephitic air is the medium by which the

metalline and abforbent earths contained in the pou-
hon water are therein held in folution ; and, con-

trary-wife, that thole earths are the medium, by

which this air is more firmly united to the watery

element in this compound, in which it enters as a

6 principal
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principal ingredient, and, by its folution in the water,

and its union with thefe earthy fubftances, from a

a very rare volatile and elaftic body, is reduced to a

fixed flate.

This diffolving power of mephitic air may farther

be proved from the recompofition of the pouhon
water, by adding thereto the air expelled from it by

codion. But as Mr. cavendish has already (hewn,

that the abforbent earths of rathbone-place
water may be rediffolved by the mephitic, or fixed

air, which had been extracted from that water j and

as Mr. lane has alfo demonftrated, that iron is

rendered foluble in water, by the medium of me-
phitic air, I therefore fhall not, at this time, detain

the Soc ety with my experiments on the fame fub-

jed ; but as thofe experiments contain fome phaeno-

mena, that have not yet been noticed, I may, per-

haps, offer them to the public on fome future oc-

cafion.

SCHOLIA.

From the foregoing experiments, it appears that

the mephitic air and martial earth, contained in

the pouhon waters, ftrongly attrad each other, and,

uniting together, form a concrete foluble in water,

and readily diflinguifhed therein, by the peculiarly

brifk acidulous tafte, which it receives from this

aereal principle, joined to a rough fubaflringent tafte,

which proceeds from the iron. This concrete, like

other vitriols of iron, flrikes a black colour with

galls, and may well be efteerned a faline body of the

neutral kind, of which the mephitic air conftitutes

A a a z the
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the fpirituous folvent, and the martial earth its bale.

It further appears, that the mephitic air is poflefled

of all the properties, by which l'ome of the chemifts

have diftinguifhed thole pure and fimple bodies, or

fpirits, which by them are efleemed, in their own
nature

,
and of' themfehes, faline, and which, in union

with other bodies, form falts that are more com-
pound. For this aereal folvent, in like manner with

the pure acid fpirits, is foluble in water, and im-
parts thereto its peculiar lharp and acidulous favour

:

moreover, in combination with various metalline

and abforbent earths, this volatile elaftic fpirit, like

thofe acids, forms various faline concretes of the

neutral kind; inalmuch as thofe metalline and ab-

forbent earths, when united to this elaflic fpirit, are

thereby rendered foluble in water; and, in union

therewith, acquire peculiar favours, refulting, in part,

from this their fpirituous principle, and, in part alfo,

from the particular kind of earth with which it is

combined. This air, therefore, conlidered in the

relation which it bears to feveral earthy fubftances,

and to water ; conlidered alfo as it imprefTes the or-

gans of tafle, with its peculiar brilk and acidulous

favour, may juftly be lliled a mineral elajlic fpirit

ef a faline nature,
and is fufficiently diftinguilhed

from all other faline fpirits, by its great rarity, aod

by its aereal nature. How tar, and under what
laws, this relation between mephitic air and various

faline earths, and other bodies, may be extended,

hath not yet been fully difcovered : fuffice it in this

place to remark, that a clafs of Inline bodies of a

neutral nature are here detected, competed of various

earthy bafes, united to a volatile aereal fpirit, all of

which

7
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which agree in one common folvent, the mephitic

air, but differ from each other, according to the

nature of the bafe to which this air is united.

The agreement of thefe faline concretes with neu-

tral falts in thefe effential properties, by which thefe

laft are diftinguifhed from other more fimple faline

bodies, will further appear from their decompofition ;

which is effected by thofe various ways, and under

the fame laws, by which all other neutral falts are

decompounded 3 namely, by all thofe different ways,

by which the acid fpirits, and the terrene or alcaline

bafes of neutral falts, can be feparated from each

other.

For, firfi, the aereal fpirit of thefe faline concretes

is forced, by fire ,
from its union with the earthy bafe,

which it holds diffolved in water, in like manner as

the acid fpirit of other neutral falts are expelled by

fire from the more fixed principles, which enter the.

composition of thofe falts.. The degree of heat re-

quired to feparate the acid fpirit of neutral falts, from

their more fixed alcaline or earthy bafe, varies in the

decompofition of almofl every different kind of falts

;

and the extreme volatility and expanfive force of this,

aereo-faline principle renders it more ealily feparable,.

by heat, from the fixed principles to which it unites,

than any other kind of laline fpirit.

Secondly. The faline concretes, formed with this

aereal folvent (in like manner as other neutral falts), are

decompounded by the addition oj flronger acids
,
which

more powerfully attraft the terrene or metallic bafe of

thefe concretes, than it is attracted by their light and
fubtle aereal fpirit, and detaches from them the aereal

folvent to which thofe earths were before united. All

acids*
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acids, found in a liquid form, have this effeft, from
the light vinous acids to the moft ponderous acid of

vitriol ; fo that the affinity between the re metalline

and abforbent earths, and this their aereal folvent,

is lefs than that which exifts between the fame earths

and all the known acid fpirits. In all additions of

thefe acids to the fpirituous or acidulous waters, an

effervefcence has been obferved, not readily ac-

counted for, by thole who fuppole an acid to predo-

minate in thofe waters. The conflict and difcharge

of air here arifes from the expulfion of the aereal

principle from its terrene bafe ; in like manner as the

acids of lea fait and nitre are expelled, with effer-

vefcence, from their alcaline bales, by the more
powerful acid of vitriol. And here, by the way, it

may be proper to remark, that the vitriolic acid,

when mixed with the acidulce and other chalybeate

waters, doth not preferve thofe waters from decay, as

the excellent hales, and others, after him, have

fuppoled; but, on the contrary, deftroys their tex-

ture, or decompounds them, by expelling their

elaffic fpirit, and entering into new combinations

with their earthy principles ; thereby forming a new
compound, lels perifhable indeed than the former,

but alfo lefs efficacious in the cure of many difeafes.

When Rhenifh wine is added to the acidul<z3 the

large quantity of air that dies off may, in part, pro-

ceed from the winej but when I mixed the vitriolic

acid with pouhox water, a confide, able quantity of

air was indeed difcharged ; but not the whole which

that water holds in folutlon. I therefore conjeffured,

that fome part of the air, contained in that water,

might be imbibed by the fuperabundant acid, which

1 ufed
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I ufed in the experiment, and that more mephitic'

air might, perhaps, have been expelled from the

water, had I only mixed with it the exaft quantity

of this acid, that was required to diffolve the earthy-

fubftances contained therein.

Thirdly. Thefe faline concretes, contained in the

pouhon water and other aridities
,

are fubjed to de-

compofition, not only from acids, as before related,,

but alfo from alcalies
,
whether fixed or volatile : all

which more powerfully attract this fubtile aereal

principle than it is attracted by the martial and ab~

lbrbent earths, to which it is united in thofe waters..

And here again appears anexad agreement between

thefe aereo-faline concretes and various neutral falts,,

in the mode of their decompofition. For the am-
moniacal falts (which are all compofed of the volatile

alcali, united to an acid fpirit, either muriatic, ni-

trous, or of fome other kind) fo foon as one of the

fixed alcalies, or quicklime, is added to any of them,

the acid fpirit which it contains, quitting its union

with the weaker volatile alcali
,

this laffc is let loofe ;

aud the ftronger alcali
,

or quick-lime, takes its

place; between which and the acid fpirit a new'
combination is formed. The fame happens when
any alcali

,
either fixed or volatile, is added to the

acidities ; their elaftic fpirit then quits the ferrugi-

nous and abforbent earths, to which it was joined,

and forms a new combination with the alcali
,
by

which it is more powerfully attracted than by thefe

earthy fubflances. Thefe earths, therefore, being

no longer ful'pended in the water by the aereal fol-

vent, render it turbid and milky, until they have

gradually fubfided therein, in the form of a white

fedimenti
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fediment : for fuch is the native appearance of the

martial earth, as well as of all the other earths con-

tained in thefe waters, as will be fhewn hereafter.

In thefe decompofitions of acidulous waters, by
means of alcalies, no effervefcence, or dilcharge of

air-bubbles, takes place ; for here the air is all ab-

forbed by the alcali added thereto, and not expelled

from the water, as it is in the decompofition of the

fame waters, by means of ftronger acids.

When the acidulce are mixed with common foap,

a two- fold decompofition takes place. The fixed

alcali
,
quitting the unftuous fubftances, to which

it was joined in the foap, unites itfelf to the aereal

fpirit, or mephitic air, of thofe waters, while this

air, at the fame time, deferts the earthy fubftances

with which it was before combined. The fame

new combinations feem to take place, when foap

is mixed with any of thofe waters which are ufuaily

called hard ; many of which waters have been found

to contain an earthy fubftance, diffolved by means

of this fubtile aereal principle.

The above obfervations and experiments fliew an

exad agreement, in the feveral ways, by which the

various neutral falts, and thofe laline concretes

formed of mephitic air united to an earthy bafe,

are decompounded. It ought, however, here to be

remarked, that the faline concretes, which exift in

the pouhon water, in a diffolved date, though evi-

dently of the neutral kind, have not hitherto been

obtained in a folid form ; owing, perhaps, in fome

meafure, to the great volatility of their fpirituous

principle ; but chiefly to their being fubjedt to de-

compofition, from the precipitation of their earthy
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bafe, by means of common air, during the evapora-

tion of the water in which they are diffolved, as will

be (hewn hereafter.

The mephitic air of the acidulce
,
although it is

foluble in water, and imparts thereto its brifk and

pungent tafte, which has been ufually {filed fubacid ;

and although it produces effects exadlly fimilar to thofe

of acid fpirits (by readily uniting to various earthy fub-

ftances, which of themfelves are not foluble in wa-
ter, but, by their union with this aereal fluid, are

rendered foluble therein, and communicate to the

water peculiar favours, and form therein faline con-

cretes of the neutral kind ;
which concretes, fo

formed, are again feparable into their component

ingredients, by all thofe ways by which the acid and

alcaline principles of other neutral falts are feparable

from each other) yet it differs from all acid fpirits,

found in a liquid form, in its rare texture and its

elaftic quality, and in not ftriking a red colour with

fyrup of violets, and other blue tindfures of vege-

tables ; which change in the blue colour of thofe

tindfures, is ufually effeemed a teft of the prefence

of an acid. Befides the trials which other gentle-

men and myfelf have made, by mixing fyrup of

violets with pure water, impregnated with various

kinds of mephitic air, in which no change in the

colour of the fyrup was obferved, I have for feveral

days fufpended pieces of linen, that had been dyed
blue with frefh juice of violets, in the mephitic air

of spa water, and alfo in that of chalk; and, when
the linen was taken out of the faid air, did not

perceive its blue colour in any wife changed, al-

Vol. LX1V. B b b though
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though the fame pieces of dyed linen were inftantly

turned of a green colour, when expofed to the fumes

of fpirit of hartfhorn. Whether therefore, and
under what relations, this aereo-faline fpirit may-

merit the title of an acid, I leave to the determina-

tion of others. Such, however, it has appeared to

be to many philofophers, fince this mephitic air is

doubtlefs the fame with the acidirn vagumfodinarum
of boerhaave and others; and with the acidum

centrale perpetuum inexhauribile of becfier ; with

thefpiritus fulpbureus aerec-cztherco-elajlicm of hofr-
man ; and the J'al embrionatus and fal efurinm of

the fagacious helmont, which,, he fays, corrodes

the ore of iron, and with it forms a volatile vitriol

in the pouhon water. All thefe, and many other

philofophers, had acquired fome knowledge of this

lubtile aereo-faline principle from contemplating its

effedts
; but, not having obtained it in a palpable

form, were unacquainted with fe.veral of its prin-

cipal properties.

From considering the great fubtility-of this aereo-

faline principle, its power of diffolving many earthy

fubftances, together with its property of uniting

readily to water, and with it, ol pervading the vetv

minute veflels of the animal frame, without injuring

them, as flronger acids do by their corrofive quality,

we may from thence form fome judgement of the

great efficacy of this air, as a de-objiruent and folvait,

in many difeafes of the human body arifmg from
preternatural concretions and obftrudlions thence en~

fuing. If to thefe we add the great antifeptic

powers of this kind of air, which it polleffes in com-
mon
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mon with acids (and which were firft detected by
sir john pringle, and have lince been more fully

explained by Mr. macbride and Dr. priestly)j
we then, in fome meafure, may account for thofe

extraordinary effects, which this kind of air is found

to produce in the cure of many obftinate difeafes,

with which mankind are afflidted.

B b b 2 XL. Par-



XL. Particulars of the Country of Labra-

dore, extracted from the Papers of
'Lieutenant Roger Curtis, of His Ma-

Chart of the Coaft. Communicated hy

the Honourable Daines Barrington*

Redde, Feb. 34, fTpHERE is no part of the Britifti
I774

* dominions fo little known as the

immenfe territory oflabe adore. So few have vifited

the northern parts of this vaft country, that almoft

from the freights of belle isle, until you come to the

entrance of Hudson’s bay, for more than ten degrees

of latitude, no chart, which gave any tolerable idea

of the coaft, had hitherto been formed. The bar-

rennefs of the country explains why it has been fo

feldom frequented* Here avarice has but little to

feed on.

Perhaps, without an immoderate fhare of vanity,

3 may venture to prefume, that,, as far as I have

been, which is to the latitude of 59
0

io', the

draught, which I have been able to form, is by

much the beft that has hitherto been made.
Others have gone before me, bleft with abilities

the Otter, with a Plane-
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equal only in afliduity. But I had advantages of

which they were deftitute ; with a fmall veffel, and

having an Indian with me, who knew of every rock

and fhoal upon the coaft, I was enabled to be ac-

curate in my obfervations ; and thefe are the reafons*

why I deem my own fketch preferable to all others.

Of the coast.

As this country is one of the moft barren in the.

known world, fo its fea-coaft is the moft remarkable..

Bordered by innumerable iflands, and many of them
being a confiderable diftance from the main land, a

fhip of burthen would fail a great way along the

coaft, without being able to form any notion of its.

true fituation..

Hence it is that all charts of it have been fo ex-

tremely erroneous
5
and hence arofe thofe opinions*

that fome of the inlets extended a vaft diftance into

the country, if not quite into the fea of Hudson's,

bay.
davis’s inlet, which has been fo much talked

of, is not twenty leagues from the entrance of it to

its extremity.

The navigation here is extremely hazardous. To-
wards the land, the fea is covered with large bodies,,

and broken pieces, of ice and the farther you go
northward, the greater is the quantity you meet with.

Some of thofe mafies, which the feamen calf

iflands of ice, are of a prodigious magnitude, and they

are generally fuppofed to fwim two thirds under
water. You will frequently fee them more than a

hundred feet above the furface, and to fhips in a.

ftorm,,
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fform, or .in thick- weather, nothing can be more
terrible.

Thofe prodigious .pieces of ice come from the

north, and are fuppofed to be formed by the freezing

of C2taradts upon the lands about east Greenland
and the Pole. As foon as the feverity of the winter

begins to abate, their immenfe weight breaks them
from the fhore, and they are driven to the fouth-

ward. To the miferable inhabitants of labradore,
their appearance upon the coaft ferve as a token of

the approach of hummer.

Of the climate, soil, and natural produc-
tions of the country.

This vafl traft of land is extremely barren, and
altogether incapable of cultivation. The furface is

everywhere uneven, and covered with large Hones,

fome of which are of amazing diinenfions. There
are few fprings

;
yet, throughout the country, there

are prodigious chains of lakes, or ponds, which are

produced by the rains, and the melting of the fnow.

Thefe ponds abound in trout, but they are very fmall.

There is no fuch thing as level land. It is a country

formed of frightful mountains, and unfruitful vallies.

The mountains are almoH devoid of every fort of

herbage. A blighted fhrub, and a little mofs, is

fometimes to be feen upon them
j

but, in general,

the bare rock is all you behold. The vallies are full

* of crooked low trees, fuch as the different pines,

fpruce, birch, and a {peeks of the cedar. Up
fome of the deep bays, and not far from the water,

it is faid, however, there are a few flicks of no in-

confiderable
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C&nfiderable fize. In a word, the whole country is

nothing more than a prodigious heap of barren

rocks.

The climate is extremely rigorous. • There is but

little appearance of fummer before the middle of

July 3 and, in September, the approach of winter is

very evident. It has been remarked, that the win-

ters, within thefe few years, have been lefs fevete

than they were known heretofore. The caufe of

fuch an alteration it would be difficult to difcover.

All along the coad there are many rivers, which
empty themfelves into the fea

;
yet there are but few

of any confideration, and you mud not imagine that

the larged: are any thing like what is generally under-

dood by a river. Cudom has taught us to give

them this appellation, hut the mod of them are no-

thing more than broad brooks, or rivulets. As they

are only drains from the ponds, in dry weather they

are everywhere fordable'
3 for running upon a folid

rock, they become broad, without having a bed any

depth below the furfnce of the banks.

The fuperficial appearance of this country i$ ex-

ceedingly unfavourable. What may be hidden in its

bowels, we cannot pretend to fugged
3
probably it

may produce fome copper; the rocks, in many places,

are impregnated with an ore of that relemblanee.

Something of a horny fubftanee, which is extremely

tranfparent, and which will fcale out into a multi-

tude of (mail ffieets, is often found amidd the domes.

There are both black* and white of this fort, but the

black is the mod rare. It has been tried in lire, butt

feemed to be no ways afaded by heat.

The-



C 376 ]

The fpecies of wood here are not very various

:

excepting a few fhrubs, which have as yet received

no name from the Europeans, the principal produce of

the country is the different forts of spruce and pine.

Of thofe, even in the more fouthern parts, there is

not abundance; as you advance northwards, they

gradually diminifh, and by the time you arrive at

the fixtieth degree of latitude, the eye is not de-

lighted with any fort of herbage. Here the wretched

refidents build their miferable habitations with the

bones of whales. If ever they cheer their aching

limbs with fire, they gather a few flicks from the

fea-fhore, which probably have been wafted from

Norway, or from lapeand. Here a vaft quantity

of fnow remains upon the land throughout the year.

Although the winter here is fo excefiively rigid,

in fummer the heat is fometimes difagreeable, and

in that feafon the weather is very moderate, and re-

markably ferene. It is but feldom foggy, fpeaking

comparatively between thisand Newfoundland; nor

are you fo frequently liable to thofe deftrudtive gales

of wind, which vifit many other parts of the globe.

It is, in general, high land, and fometimes you

meet with mountains of an aftonifhing height
;
you

are alfo frequently prefented with profpe&s that are

really awful, and extremely romantic.

There is no great variety of animals in this rocky

country, nor are they at all numerous. Here are

the rein-deer ; the females have horns, which na-

ture has given them to procure food, for with thefe

they beat away the fnow in winter, and, by that

means, come at the tops of trees, which, during

the inclemency of that feafon, is their only fuftenance.

7 There
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There areBEARsblack and white, wolves, the car-
KASHEW, FOXES, porcupines a great many, the

MOUNTAIN-CAT, MARTINS, BEAVERS, OTTERS,
hares, and a few ermine.
The female bears, efpecially the white, in defence

of their young, will attack any thing ; but at other

times, unlefs you wound them, it is faid they are

not very dangerous. Many people affirm, and men-
tion instances, that, being purfued by a bear, if you

fall on your face, and remain immoveable, it will

retire, without doing you any mifchief. A Angle

wolf will never approach a man, nor need he be

afraid of feveral attacking him together, unlefs in

winter, when they are impelled to it by hunger.

A venomous reptile, or inledl, is not to be found

here, except toads, and they are extremely rare.

The whole country is filled with very finall flies,

which are exceedingly tormenting.

Here are eagles, hawks, the horn-owl, and

the red-game, with a fmaller fort which refemble

them, called the spruce-partridge : thefe we may
call the conftant inhabitants of the feathered kind.

Of fea-birds, there are great variety.

In the fummer, the woods are vifited with many
* forts of little birds, and fome of them are of beauti-

ful plumage. They breed here, but, towards win-

ter, they leek a happier climate.

In the autumn, there come a prodigious quantity

of birds, which are called curlews. They are about

the fize of a wood-cock, fhaped like them, and

nearly of the fame colour j
extremely fat, and moft

delicious eating. They continue here but a very

Vol. LXIV. Ccc little
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little while, nor is it known from whence they come,

or whither they go.

It is a very remarkable phenomenon, that feveral

beafts, and fome of the birds, change their colour

with the feafons. In the winter, your eye fcarcely

beholds any thing but what is white. In this miferable

climate, providence has armed mod animals with a

defence againft the rigour of winter. The quadru-

pedes are cloathed with a longer thicker hair, or

fur ; to the birds are given foft down, and feathers of

a clofer contexture, than thofe of milder countries.

The principal fifh are whales, the cod-fish, and

salmon. Of shell-fish, there are but few forts,

and thefe in no great plenty, lobsters, there are

none at all
; which is very remarkable; for, at a par-

ticular part in the Streights of Bellifle, not more
than five or fix leagues from Newfoundland, there

are great abundance.

Obferving that the feal-darts of every Indian were

headed with the teeth of the sea-cow, I was led to

inquire, how they came by them ; and particularly,

as upon thefe inftruments they leemed to fix but

little value. I was informed, that they purchafed

them from the Indians of Nuckvank, about the

latitude 6o° ; and that thofe Indians were vifited by

multitudes of the fea-cows, in the winter, and that

they killed a vaft number of them.

My Indian, of whom I obtained this knowledge,

could not tell me where the fea-cows went to in

the fummer, becaufe he had never been beyond

Nuckvank -

3 but he told me, that he had often

heard the northern Indians fay, that, a good way
farther
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farther to the north, they went affiore upon illands,

which was thought a very extraordinary thing.

If the fituation of thefe iflands was known, it is

very probable, an extremely valuable fea-cow fifhery

might be carried on there.

Of the INHABITANTS.

It is not furprizing, thatfuch a country as has been

defcribed fhould be thinly inhabited. The human
fpecies upon this extenfive territory are but few ; and

fuch as we know of are extremely favage. The
populoufnefs of mankind generally bears an affinity

to the foil they live on. Upon barren rocks, covered

with fnow for more than half the year, and where
the winters are fo rigorous, and of fuch long con-

tinuance, we cannot expedt to find the inhabitants

fo very numerous.

The people of this country form various nations

or tribes ; and are at perpetual war with each other.

Formerly the Esquimaux, who may be called a

maritime nation, were fettled at different places upon
the fea coaft quite down to the river st. John’s ;

but, for many years paft, whether it has been owing
to their quarrels with the Mountaineers, or the in-

croachments of the Europeans, they have taken up
their refidence far to the north.

A good way up the country live a people diftin-

guifhed by the appellation of mountaineers, be-
tween whom and the Esquimaux there fubfifts an
unconquerable averfion. Next to the Mountaineers,
and ftill farther weftward, you come to a nation

C c c 2 called
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called the escopics. We know not much of this

people : and beyond them, are the Hudfon Bay
Indians, with whom the world is but little better

acquainted. There are, doubtlefs, in fuch a vaft traCt

of land, a great number of other nations ; but of

whom we have not the lead; information.

We are ignorant as yet, why thefe poor people

bear each other fuch implacable hatred ; but it feems

a melancholy reflection, that, in fo large a country,

and withal fo badly inhabited, the few there are

fhould be eternally folicitous to extirpate one ano-

ther: though, perhaps, multiplying the fpecies

would augment the natural fcarcity of provifions,

and only ferve to render them all more miferable.

The Mountaineers are efteemed an induftrious

tribe j and, for many years, had been known to the

French traders. Their chief employment is to catch

fur, and procure the neceflaries of life. They are

extremely illiterate, but generally good-natured j and

are reckoned to be lefs ferocious than any other of

the Indians. This foftnefs of their manners is owing

to their long intercourfe with Europeans 3 and the

other nations will doubtlefs lofe their favage difpo-

fition, in proportion as they imbibe ourcufloms.

They come every year to trade with the Canadian

merchants, who have feal-fifheries on the fouthern

part of the coaft, and have the character of juft

dealers. They are immoderately fond of fpirits*

for which, blanketing, fire-arms, (in the ule of

which they are remarkably dexterous), and ammuni-

tion, they truck the greateftpart of their furs.

Their canoes are covered with the rind of birch

;

and, though fo light as to be eaftly carried, yetfuffici-

4 ently
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ently large to contain a whole family and their traffic.

By means of the multitude of amazing ponds

throughout this country, they convey themfelves a

vaft diftance in a very little time. Whenever they

find a pond in their wav, they embark on it, and

travel by water ; when its courfe alters, and by fol-

lowing it they would lengthen their diftance any

thing confiderable, they land, place their canoe on

their head, and carry their baggage on their fhoulders,

until other water gives them an opportunity of re-

embarking. They are moft excellent travellers.

They bear inconceivable fatigue with aftonifhing pa-

tience, and will travel two days fucceffively without

taking any fort -of nourishment.

Thefe Indians ate of a deeper colour than the

Efquimaux. They are low of ftature. Though of

a robuft conftitUtion, their limbs are Small, and ex-

tremely well adapted to the rocky country they are

continually traversing. They have no hair, except on.

the head. For many years they have d relied their

food, which they boil to a jelly j whereas the other

Indians eat every thing raw. Their manner, of

feeding is certainly conducive to that hofpitable dif-

pofition, which they are laid to po fiefs, and was
doubtlefs originally a great caufe of their civilization.

Indeed the Efquimaux begin to imitate us ; but it is

no more than a year or two, that the bufinefs of
cookery has been known among them.

It is their cuftom to deftroy the aged and decrepid,

when they become ufelefs to the Society, and bur-

thenfome to themfelves. They have been queftioned

ot this Teeming inhumanity
;
and perhaps their rea-

fons. are not totally devoid of found philofophy.

They;
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They tell you, that as it is with difficulty they procure
the neceffaries of life, they can admit of none, who
do not contribute towards acquiring it ; that having
no fixed refidence, and it being impoffible to carry

the helplefs with them, as they are obliged to be

continually traverfing the country; they alk you, if

it is not better to put an end to miferable beings,

than luffer them to perifh with cold and hunger ?

The fon generally does this kind office for the fa-

ther ; and, it having ever been a practice among
them, they wonder at our confidering it as an adt of

inhumanity.

Of the ESQUIMAUX.

The Esquimaux Indians, inhabiting the fea-

coaft of the northern part of labr adore, are

indifputably from Greenland. They are a very

deep tawney, or rather of a pale copper-coloured

complexion. Confidered altogether, they are infe-

rior in fize to the generality of Europeans ; and but

a few among them are of good ftature.. They
bear a very near refemblance to the Laplanders,
both in their perfons and cuftoms. It is not infinuated

that they are a Lapland colony ; but it is very proba-

ble, they came originally from Greenland. They have

beards, fo have the Greenlanders, and indeed fo have

the inhabitants of Lapland : whereas the Iroquois, the

Hurons, the Efcopics, and the Mountaineers their

neighbours, have hair no where except on the head.

It is true this is no proof. The Samojedes are no

more hairy than the nations we have juft mentioned j

but
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but who will believe that any part of the new world

was peopled from Samojeda ? All we know is, that

the great Author of Nature has been pleafed to ai-

verfify the human fpecies upon every continent.

Thefe Indians, in general, are not very difagreeably

featured, though there are fome among them who
are extremely ugly. They are flat-vifaged, and have

fhort nofes. Their hair is black and extremely

coarfe. Their hands and feet are remarkably final 1,

The women load their heads with large firings of

beads, which they fallen to the hair above the ears;

and they are fond of a hoop of bright brafs, which
they wear as a coronet. Their drefs is intirely of

Ikins, except thofe who have trafficked for a little

blanketing. It con fills of a fort or hooded clofe

fhirt, breeches, ftockings, and boots. They wear

the hairy fide towards them, according to the fea-

fons ; and between the drefs of the different fexes-

there is no variety, except that the women wear

monflrous large boots, and their upper garment is

ornamented with a tail. In the boots they occa-

fionally place their children
;
but the youngefl is

always carried at their back, in the hood of their

They have no fort of bread ; but live chiefly on
the flefh of leal, deer, fifh, and of birds. Till very

lately they ate every thing raw,, and putrefadlion was
deemed no objection.

In the winter they live in h.oufes y or rather ca-

verns, for they are funk in the earth. In the fum-
mer they dwell in tents,, which, are made circular

with poles, and covered with fkins fewed together.

The houfe confifls of one room, and though not

2 very
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very large, yet it contains feveral brothers or other

relations, with their wives and children. Their

tents are ffill more crouded ; becaufe, as the whole
fummer they are generally rambling up and down
the coaft, they endeavour to diminiffi their baggage

as much as poffible.

In the fummer they find no difficulty in procuring

food ; but it is not fo with them in winter, againft

which feafon they dry fiffi in the fun, and preferve

the fat or oil of feals in fkinveffels.

They have no fort of beverage among them, ex-

cept water. They are not as yet fond of fpirituous

liquors, and there are but few that will tafte of any.

It is certain they are able to fubfift a long while

without eating ; but when they have plenty, they

devour a prodigious quantity. When they are preffed

with hunger, and have nothing to fatisfy it, they

make their nofes bleed, and fuck the blood to fup-

port themfelves.

They appear to be abfolutely without any fort of

religion ; nor have they fo much as an object of

adoration among them. They live happy in their

ignorance, and enjoy the bleffing of being Grangers

to perfecution and torture.

They are without any government ; and no man
is fuperior to another, but as he excels in ftrength

or in courage, and in having the greateft number of

wives and children. Being entirely without laws,

general cenfure is the only punifhment for the moft

deteflable crimes.

They have no marriage ceremony. A wife is

considered as property, and a hufbani lends one of

his wives to to a friend. The wives are given very

v early
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early in marriage, frequently feveral years before

confummation ; and the reafon of this is, becaufe

the girl’s father, by that means, has one lefs in

family to provide for.

The Efquimeaux men are extremely indolent ;

and the women are the greatefl drudges upon the

face of the earth. They do every thing except pro-

cure food, and even in that they are frequently

affiftants; fo that they are at continual labour. They
few with the finews of deer, and their needle-work

is amazingly neat.

Their language is the fame as the Greenlanders.

It is not altogether devoid of harmony, and the

women have very delicate voices.

Thefe Indians are Grangers to jealoufy ; they do
not appear to be at all quarrelfome, and they very

feldom fteal from one another. They do not feem

very paffionate
; but woe be to the woman that

offends her hufband.

If polygamy was not allowed among them, their

numbers would be very few. Some of the women
bear many children ; but, in general, they are by

no means fruitful. The wives live happily together j

and, if deferving, fhare equally in their hufband’s

favours.

They have but few difeafes among them, and
confequently are without phyficians ; they believe, that

tying to their neck or wrifts the particular part of

fome fifh or animal, according to the complaint, will

produce a cure. The mod: dreadful malady upon
earth, has not as yet reached them : nor have they

ever been vifited by the fmall pox.

Vol. LXIV. Ddd Thefe
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Thefe Indians cannot reckon numerically beyond

fix ; and their compound numbers reach no farther

than twenty-one. Every thing beyond is a multi-

tude.

They live always upon the fea-fhores, from their

dread of the Mountaineers. Their canoes contain

only one perfon ; they are extremely long in pro-

portion to their breadth, being upwards of twenty

feet by two ; they are covered with fkins, and are

extremely light, l'o that they are overfet vfith the

lead: inclination to one fide or the other. It is really

a very extraordinary circumflance, that though thefe

people are almoft ever in their canoes, which are fo

excefiively ticklifih, there is not one among them
that can fwim.

They navigate their fhallops without a compafs in

' the thickeft logs, and are very good coafters. They
have always a vaft number of dogs in their camp,

which are of feveral ufes. Thefe animals ferve as a

guard ; they are food ; their fkins are valuable for

cloathing 5 and they draw their fledges in winter.

They have not the power of barking, but their howl
is hideous ; they are large, and have a head like a

fox, whereas the dogs of the Mountaineers are ex-

tremely fmall. The Samojedes and the Laplanders

train the rein-deer to their fledges* The country

of Labradore produces thefe animals ; but they

are only ferviceable to the Efquimeaux for food and.

raiment. -

The weapons of thefe Indians are, the dart and

the bow and arrow. They are not very expert in

the ufe of either ; although it is with thefe they de-

fend
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fend themfelves, and procure the necefiaries of

This is a calculation not eafily formed. I have

been at fome pains to obtain information upon this

head ; and by the means which I fhall purfue, of

their populoufnefs one may be able to make a tole-

rable eflimation.

Leaving the ftraights of Belleille, and proceeding

northwards, the firft tribe, or fettlement, you come
to, is that of Ogbudtoke. Here they have the moft

boats, by reafon of their being nearefl to the Euro-

peans ; and allowing fifteen perfons to each boat,

including men, women, and children, which is

rather an under-rating, the boats being eighteen,

the number of this tribe will be, 270
The next tribe is at Nonynoke, where the'

Moravians are fettled. Thefe have only five

boats ; but then they are more crouded, fo f

admitting twenty to a boat their number is,

Keewedloke is the feat of the next tribe.'

Here they have no more than fix boats
j

yet

notwithftanding, they are the largefi: tribe upon t

the coaft. My Indian imagined them to be one
third more numerous than the Ogbucktoke
tribe, fo that they amount to about

life.

Of their numbers.

Nepawktoot, 70

800

D d d 2, Can-
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Brought over, 800
Cannuklookthuock, nearly equal to Keewed-l

loke, fuppofe, j

Chuckluck, about 140
Cbuckbelweet, 40
Nuolatucktoke, 30
Nuckvauk, 60

Hitherto, as I was myfelf no farther than

Keewedloke, I have been guided in my
computation by the Indian that accompa-

nied me ; but he having never been be-

yond Nuckvauk, imagines, by what he
has heard related, that at the following

places, which are all the fettlements he

has ever heard of, there may be at each,

upon an average, about thirty :

Cummucktobick,
3 °

Kidlenock, 3 °
Toogeat,

3 °
Congerbaw, 3°
Ungabaw, 30
Ivevucktoke, 3 °

Igloo-ocklhook, 30

1623

If this calculation comes any thing near the truth,

the esquimeaux inhabitants of labradore are far

from being numerous j and thofefavages who inhabit

the inland parts are ftill lefs populous.

XLI. An
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XLI. An Account of fome new Experi-

ments in Ele&ricity
,

containing
,

i. An
Enquiry whether Vapour be a Conductor

of EleSlricity. 2 . Some Experiments
, to

afcertain the Direction of the Ele&ric

Matter
,
in the Difcharge of the Leyden

Bottle : with a new Analyfis ofthe Ley-

den Bottle

.

3. Experiments on the la-

teral Explofon ,
in the Difcharge of the

Leyden Bottle. 4. "The Defcription
,
and

Ufe, of a new Brime-conduSlor. 5 . Mif-

cellaneous Experiments
,
made principally

in the Tears 1771 tfW 1772. 6. Expe-

riments and Obfervations on the EleEtri-

city of Fogs
,
&C. in Purfuance of thofe

made by Thomas Ronayne, Efq\ with a

Plan of an EleSlrical Journal,
&*c. By

William Henly, F. R. S.

SECTION FIRST.

An Enquiry whether vapour be a conductor of
ELECTRICITY.

EXPERIMENT I.

Redde, May 5,X Infulated a glafs funnel [tab. xiit.
I774

' X fig* I *] into which the ftreams,
from a capillary tube, were directed by the elec-

tricity.
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- tricity. From this funnel, the electrified drops

were received into a large infulated earthen difh ;

acrofs which lay a long wire ; and from its end
hung a pair of light cork-balls. On working the

machine (after about ninety or an hundred turns

of the winch, and when fifty or fixty drops had
fallen into the difh) the ballsfeparated, and pre-

fently diverged, to the diftance of half an inch.

Then taking off the electricity, from all the bo-

dies concerned, I blew the column of water

. out of the capillary tube, replaced it in the

bucket, pointing towards the funnel as before,

and worked the machine again, to try whether
the eleClricity, iffiiing from the fyphon, and

paffing through the air, might not eleCtrify all

the bodies, fo as to feparate the balls, without the

jet of water; but no fuch event happened. I

then replaced it, with the jet falling into the

funnel as before ; when it fucceeded. I then

tried it a fecond time, without the jet of water;

and it failed. I thus repeated the experiment al-

ternately, with, and without the jet, taking oft

the electricity of the apparatus carefully between

the trials ; till I was perfectly fatisfied, that the jet

of water, received into the funnel, and falling

from thence into the infulated difh below, was

the medium by which the balls, hanging from the

end of the wire placed therein, became electri-

fied. Hence 1 inferred, that vapour from boiling

water, &c. muft alfo be a conductor of electri-

city, though probably in a lefs degree, as being

more diffipated. Having fince repeated this ex-

periment by receiving the electrified jet imme-

diately
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diately into a large infulated difk, I obferved the

effeCt to be much greater.

EXPERIMENT II.

Having procured a tin vefiel, fomewhat re-

fembling an eolipile, or a chymical retort ; I

placed it over a fmall lamp, upon my prime-

conductor [tab. xiii. fig. 2.], and filled it about

half-full of boiling water. The nofe of it was

fo fituated, as to throw the eleCtrified drops into

an infulated dilh, furnifhed with balls, as in the

former experiments. After the water had been

fome time poured in, and I imagined enough had

evaporated to have produced fome drops in the

neck ; I examined the lip, to fee whether any
defcended, but faw none. However, on giving

the machine a turn or two, I was very agreeably

furprized to fee the eleCtric fireams ifiue exaClly

as from a capillary tube ; and a few drops having

fallen into the difn, the balls became electrical,

and were attracted by my finger, at the diftance

of an half or three quarters of an inch. In a

few turns more of the globe, they feparated half

an inch. 1 then threw out the water; and, clear-

ing the vefiel of its vapour, I remounted it upon
its hand (pointing towards the difn as before), to

try whether the finarp edge on the lip of the

vefiel would not eleCtrify the air, fufliciemly to fe-

parate the balls, as the evaporated .water had
done. I turned the winch a long time for this

purpofe; but. the balls never diverged at ail. 1

then poured in the boiling water a fecond time;

and.
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and, when the drops began to fall, the iourth

turn feparated the balls ; and the tenth caufed

them to diverge to the difta.nce of half an inch j

and in this flate of repulfion they continued a

confiderable time, after 1 had ceafed to work the

machine. I then took off the electricity with
my finger, and again cleared the veffel of its

water, &c. and, having replaced it with the point

as before, I worked the machine again as ufual.

The air was now grown in fome meafure elec-

trical
;
for, at the feventh or eighth turn, the balls

began to feparate, and in forty turns they were
about three eighths of an inch diflant from each

other. I then ceafed to turn the winch any longer ;

but had no fooner flopped, than the balls began to

clofe, and in a very few feconds they were in con-

tad; whereas, in the former experiment (when the

eleCtrified drops were in the difh), on my ceafing

to turn the globe, they fhewed no iign at all of

converging ; and, I imagine, would have remained

feparate a long time, if I had not taken off their

eledricity with my finger. 1 apprehend, there-

fore, from this experiment, that the vapour of hot

water is a conductor of elettricity.

EXPERIMENT III.

I hung on a firing, as near to the cieling of the

room as I could, a pair of pith-balls, which, on
working the machine a confiderable time, di-

verged three quarters of an inch, but no wider.

Then flicking into the conductor afmoking deal-

matchy and working the machine again, they

prefently
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prefently feparated to the diftance of two inches.

The match, when placed in the fame fituation,

and not fmoking, had no fuch effedfc.

EXPERIMENT IV.

Having placed an earthen half-pint mug, upon
a (land properly infulated ; I fixed to a large ball

of brafs, which I had placed in the bottom of it

;

the end of a wire, fix, or eight feet in length.

The other end of the wire I connected with the

prime conductor of a fmall eledtrical machine

{Tab.-xiii. fig. 3 .]. Over this mug, and as near to

ceiling of the room as I could, I fufpended a pair

of light cork balls. Then filling up the veftel with

boiling water, I began to work the machine; and

in fifty, or fixty turns of the winch, obferved the

balls to feparate three eighths, or half an inch,

from each other. I then took off the electricity

of the bodies ; emptied the veflel, and cleared it

of the vapour ; and having placed the apparatus in

the fame manner, I again worked the machine,
for a longer time; but without effedt. On repla-

cing the boiling water, I fucceeded as at firft. At
other times, when 1 have been able to feparate the

balls by the air alone, to a fmall diftance
;
yet by

pouring in the hot water, the vapour has prefently

increafed their divergence from one eighth, or

three fixteenths, to half an inch diftance ; or in

that proportion, according to the ftate of the at-

mofphere with refpedt to drynefs or moifture. In
fhort I have repeated thefe kinds of experiments fo

often ; and many times with fo much fuccefs that

I can have no doubt of vapour being a condudtor 6f
eledlricity.

Vol. LXIV. Eee expe-
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EXPERIMENT V.

I infulated the rubber of my machine, and hung
a pair of Mr. canton’s balls upon the prirrie-con-

dudlor. I then worked the machine, and having
taken off a fpark, or two, to draw off the electri-

city naturally inherent in the rubber, &c. I ob-
ferved the divergence of the balls; which was very

great ; in fo much that the firings were bent : and
on approaching the back of the rubber with a

fmoking green wax taper
,

juft blown out, (the

fmoak of which was inftantly attracted to it,) they

diverged no wider (aK I then took off the balls, and
placed my own electrometer in its ftand, upon the

prime-condu6tor [tab. xnr. fig. 4] ; and having

taken off a fpark, or two, as before; I again worked
the machine, to obferve the repellency of the in-

dex from the ftem ; and found it constantly to vi-

brate between five, and ten degrees, of the quadrant,

which was divided into fifteen. I then brought

the fmoking taper, within four, or five inches, of
the back of the rubber, as before; and obferved,

that on the attraction of the fmoak to it, the index

prefently began to rife; and in a very fhort time,

got up to right angles. I repeated the experiment,

feveral times, with the fame fuccefs. I then tried

the experiment by bringing my finger to the fame

diftance from the rubber, and pointing towards it;

but this, in many trials, had not the leaft effeCt.

The taper likewrfe, when held at the fame dif-

tance, and not fmokingy had no effeCt at all. .1 am

(a) For this experiment, the back of the infulated rubber

fliould be perfectly fmooth : mine, is of wood ; with the leather

pafted down clofely to it; foas to leave no points.

convinced
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convinced therefore, that the fmoak was the me-

dium, which conveyed the eledricity, from my
hand, to the infuiated rubber.

EXPERIMENT VI.

I placed upon a (land, on my prime-condudor, a

piece of fmoking wax taper [TAB.xm.f1g5.], when
immediately, on working the machine, the fmoak,

from a large, anddiffufed volume, was much con-

traded ;
and its motion upwards, greatly accele-

rated. I then took off the eledricity of the con-

dudor, and held a pair of cork balls a quarter of

an inch diameter, hung on threads two and a quar-

ter inches long, (being the neareft at hand,) per-

pendicularly, ever the riling fmoak; and as high

as I could poffibly reach, Handing on a chair; this

might raife the balls about five feet and an half

above the prime-condudor; when (working the

machine) in a few feconds the balls feparated to

half an inch diftance. I then removed the taper,

but could not perceive that the balls were at all

affeded without it; but on replacing it, they fe-

parated as before. I repeated the experiment fe-

veral times, with, and without the taper, and the

different effed, was conftantly as above recited.

I then fet a tin faucer upon the Hand, and placed

upon the faucer, an half pint mug of boiling wa-
ter [tab. xiii. fig. 6.) ;and over this water, I pre-

fented the balls, in the riling vapour ; as I had be-

fore done in the fmoak. On working the machine
a few feconds, the balls diverged to the diftance

of one twelfth part of an inch. On removing the

water, and prefenting the balls as before, they ne-

E e e 2 ver
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ver leparated at all
; though I worked the machine

for a longer time ; but on replacing the water, in

a few feconds the balls diverged, as at firft. Thefe
experiments I repeated feveral times, and always

with the fame fuccefs. The fmoak, therefore, in

the firft experiment; and the vapour of the hot

water, in this laft ; was certainly the medium ,

which conveyed the electricity, from the prime-
conduCtor, to the balls : and I think I may now
very fafely pronounce, that smoak, and the vapour
of hot water, are abfolutely conduBors of eleblricity \

though fmoak is a far better one than the vapour

of hot water, and both of them are exceedingly

bad ones.

Upon the queftion, whether vapour be a con-

ductor of electricity ; I would obferve, that Dr.

franklin’s curious experiment, of making a vi-

able atmofphere, round an infulated, electrified

body ; cannot be made, but in an exceedingly dry

ftate of the air. The reafon is obvious ; but in a

very dry day, I have often fiicceeded in the experi-

ment ; and have ftsewed it to feveral of my friends,

particularly Mr. marsham, and Mr. nairne.
My method of doing it, is as follows: I place

the brafs cafe of a fteel-yard weight- (about two and

an half inches diameter,) upon a clean, dry, ftand

of fealing wax: then having in readinefs, a green

wax taper, with a longfmtjf, I give the infulated

body, a fpark, from the knob of a pofitively

charged bottle ; or take one from it, by the knob of

a negatively charged one (the appearance is the

fame in both cafes); then bringing the taper, juft

blown out, very gently towards the infulated body.
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the fmoak is inflantly, and with a kind of violence,

attracted to it ; till it becomes compleatly covered

with it. It remains in this fituation for fome fe-

conds, when it begins to difappear, at the bottom;
and proceeds gradually, till it comes to the top ;

where it hangs quivering, like the departing flame

of a lamp. It goes off in a long thin column,
which rarefies, and difperfes at the top, till it oc-

cupies a great fpace. Obferve that, in giving the

fpark, and bringing the taper towards theinfulated

body, particular care mull be taken, that the air

be diflurbed as little as poflible.

The green wax taper , on account of the

verdegreafe it contains, anfwers excellently, in

this, and feveral other experiments, where fmoak is

required without heat : and I firfi: ufed it, from a

hint Dr. franklin was fo obliging as to give me.

SECTION SECOND.

Of the DIRECTION of die ele&ric matter, in the difcharge of
the LEYDEN BOTTLE.

EXPERIMENT I.

LIGHT a fmall wax taper, and place it, with the

flame exactly between two brafs balls A and B,

about two inches afunder; properly introduced into

the circuit [tab. xiii. fig. 8.]. Then, having gi-

ven a fmall phial two or three turns of the globe,

charging it pofitively, conned! the coating of it*

by a chain, with the wire of the ball A ; and upon
applying the knob of the phial, to the wire of the

ball B, you will obferve the flame to be plainly

.
driven
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driven from it ; being often blown upon the ball A,
fo as to blacken it with the fmoak. Then charge

the phial negatively, and (the apparatus remaining

as before) apply the knob of the phial as at firft;

and you will then perceive the flame to be blown
quite in the contrary diredtion, viz. from A to-

wards, and often upon B, as upon Dr. frank-
lin’s principles of theLeyden bottle, it ought to be.

Obferve that, in this experiment it is neceftary to ufe

the lead: charge that can be given, juft fufficient

to leap the interruption in the circuit; which ex-

perience will presently determine; for if the

charge be too great, the flame will be attradted as

well as repelled, in the difcharge of the phial; and

then, nothing can be infered from the experiment.

EXPERIMENT II.

Charge a large jar pofitively , and infulate

it; then take a long curved wire, pointed, at

both ends
,
and hold it by a glafs handle, fo as to

bring one end of the wire, half an inch, from the

knob, and the other end of it, to the fame diftance,

from, the coating of the jar. You will then obferve

a frnall luminous fpark, upon the point appofed to

the knob of the jar, and a fine pencil, diverging

from the lower point, fpreading upon the coating

of the jar, which will prefently difcharge it filently.

Then charge your jar negatively ; infulate it, and

apply the wire as before ; and the appearances, at

the points of the wire, will be diredtly reverfed;

plainly demonftrating the diredtion of the eledtri-

oity in the difcharge of the bottle.

Another
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Another very convenient and eafy method,of ex-

hibiting the phenomena of the poiitive and negative

electricity of the infide, and outfide furfaces, of a

charged Leyden bottle, is by (lipping a cap of metal,

furnished with a ball and wire, upon the outfide

coating; and mounting it upon an eleCtric (land,

in an horizontal pofition ; as tab. xiv. fig. .3.;

or if the bottom of the glafs be turned much upward
into the body of it, a piece of wood may be worked
to its fhape, and cemented thereto.; and through the

middle of this wood, a fhort tube of metal may be

inferted, fo as to admit the wire which is con-

nected with the ball to pafs through it; and be

brought into contaCt with the coating of the jar, at

pleafure '&h By this means, experiments may be

made, at either end of the bottle with great facili-

ty ; and other charged or exhausted, bottles ; ex-

cited ribbons; or other electrics: the curved
pointed wire, &c. 6cc. may be readily applied; and
give, or receive a fpark; be attracted, or repelled

;

according to the kind of eleCtricity in the two bo-
dies, fo applied towards each other. By hanging
a chain round either of the wires, and connecting

it with one end of the difcharging rod; and bring-

ing the other end of the rod, fo as to leave a pro-

per fpace between that and the ball on the wire, at

the oppolite end of the bottle ; the flame of a ta-

per, &c. may be interpofed ; and (hew the direction

of the eleCtricity in the difcharge : or a cork-ball,

hung by Jilk, may play between them, in the man-

ful For many experiments, it needs only to be conne&ed
with the curved metal, or wood, in which the charged bottle is

placed.

3 netv
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ner defcribed by Dr. franklin. If the balls are

taken off from the wires of the bottle ; the wires

being pointed, and one of them placed before the

globe; or a prime-conduCtor, ekCtrified pojitively:

the phenomena of charging the Leyden bottle will

be difcovered by the different appearances, at the

end of the wires ; as at tab. xiv. fig. 4. If the bottle

be thus placed before a conductor, eleCtrified nega-

tively, or the infulated rubber to a machine; the

appearances, at the ends of the wires, will be re-

verted : as upon Dr. franklin’s principles they

ought to be; and thus explain his theory of the

Leyden phial.

But a more fimple, and beautiful analyfis of the

Leyden phial, hath not, I think, yet been exhi-

bited ; than the following. Let a bottle that will

hold near a pint; having a long neck (about an

inch in diameter,) befurmfhed with a fmall plate at

the top; with a valve properly fecured, after the

bottle is exhaufted : from which plate, a wire

about one eighth of an inch in diameter, is to

projeCt a little below the neck ; and terminate with

a blunt end. The top is to be covered with a

round brafs cap, firmly fixed thereon ; and made
air-tight. The bottom of the bottle fliould be

coated with tin-foil, which fhould be continued

three inches up thefide. This bottle will charge and

difcharge feveral times in a minute ; and the tin-

foil coating, will prevent the fhock from affeCling

the hand of the operator ( ch The phenomena of

charging the Leyden bottle, is elegantly explained

by this contrivance ; and is made vifible, by the

end of the wire ; on which, the appearances vary,

according as the bottle is charged, viz. pofitively,

(c-) The bottle being held below the edge of the coating.

or
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or negatively ; or as the conductor, from which it

charged, is electrified. Tab. xiv. fig. 5. letter A.
fhews fuch a bottle, charging negatively, at a con-

ductor, loaded with pofitive electricity. Letter B.
fhews the fame bottle, charging positively, at the

fame conductor.

Tab. xiv. fig. 6. letter C. fhews the bottle

charging pojitively at a conductor, electrified nega-

tively ; or at the infulated rubber. Letter D. fhews

the fame bottle, charging negatively at the fame
conductor.

SECTION THIRD.

Of the lateral explosion in the difeharge of the leyden
BOTTLE.

EXPERIMENT I.

HAVING made a double circuit, the firft by an

iron bar, one inch and an half in diameter, and
half an inch thick ; the fecond, by four feet and an
halfof fmall chain ; on difeharging ajar, containing

five hundred fquare inches of coated furface, the

eleCtricity palfed in both circuits, fparks being vi-

fible on the fmall chain in many places. On
making the difeharge of three jars, containing

together fixteen fquare feet of coated furface,

through three different chains at the fame time

,

tab. xiii. fig. 7. bright fparks were vifible in

them all ; and I have not the leaft doubt, but it

would have been vifible in as many more. The
chains were of iron and brafs, of very different

lengths; the fhortefl ten, or twelve inches, the
Vol. LXIV. Fff longeft.
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longeft, many feet, in length. When thofe jars

were difcharged through the iron bar before-men-
tioned, together with a fmall chain, three quar-

ters of a yard in length ; the whole cha’in was il-

lumined, and covered throughout with beautiful

rays, like bridles, or golden hair. Having placed

a large jar in contact with my prime condu&or,
I affixed to the coating of it an iron chain, which
1 alfo connected with a' plate of metal, on which
I intended to make the difcharge by my dif-

charging-rod, tab. xiii. fig. 9-. This done, I

hooked another chain, much longer, and of brafs,

to the oppofite fide of the jar, and brought the end
of it within eight inches and an half of the

metal plate. In contaft with this end, I laid a

fmall oak-ftick, eight inches long, which I co-

vered with faw-duft of fir-wood. On making
the difcharge upon the plate, both the chains were

luminous through their whole lengths ; as was
alfo the faw-duft, which was covered by a ftreak

of light, making a very pleafing appearance. I

repeated the experiment feveral times. Perhaps,

if I had ufed a bar of iron, inftead of the chain

firfl-fpoken of, there might have been no light

upon the fecond chain, or upon the faw-duft, ef-

pecially as the eleftricity had half an inch of air

to pafs through, before it reached the end of the

ftick. But from this experiment may, I think, be

inferred, the neceftity of making the condudlors,

ere&ed as a fecurity to buildings, 6tc. from the

damage of lightning, both of the beft materials,

and of a very fufficient fubftance ; and, for this pur-

pofe, perhaps nothing will be found fo proper as
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lead, which will remain in the earth many cen-

turies without any confiderable decay ; and the

tops of chimneys being covered with it Cd\ and fur-

nifhed with a long, tharp- pointed rod of copper,

or iron pointed with copper, which I think fhould

extend at lead: five, or fix feet, above the top

of the chimney, ot higheft part of the build-

ing ;
a communication fhould be made from it

by plates of lead, eight, or ten inches broad, with

the lead, on the ridges, and gutters, and with the

pipes which carry down the rain-water; which
pipes fhould be continued to the bottom of the

building, and there made to communicate, by
means of other leaden pipe, or a plate of it, as

before-mentioned, with the water in a well, the

moift earth, or the main pipe which ferves the

houfe with water.

SECTION FOURTH,
Defcription and Ufe of a new prime- conductor. Con-

trived by Mr. henly, and executed by Mr. Edward
nairne.

A. tab. xiv. fig. 7. A glafs-tube, eighteen

inches long, and near two inches in dia-

meter.

B. C. Balls of Brafs, with a ferule, two inches

long, to each of them ; which ferules are

to be cemented to the ends of the tube,

and made air-tight.

(d)
I mention covering the tops of chimneys with lead, as a

protection to the upper courfes of bricks, from the effeCts of
wind ; and not as being of any eflential fervice to the conductor,
any farther than as it may affift in fixing the pointed rod, which
is to be elevated above it, more fecurely.

F f f 2 One
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One of the brafs plates, which are foldered to

the ferules, hath a fmall hole drilled through
it, by which the air is to be exhaufted. It

is covered by a ftrong valve, properly fe-

cured, and concealed by the brafs ball B,orC.
D.E. Balls of brafs, about five eighths of

an inch in diameter, fixed upon wires,

which projeCt two inches and an half

from, the brafs plates, at each end of the

glafs-tube.

F. A fine-pointed wire, to colleCt the elec-

tricity from the excited glafs-globe, &c.
G. Supporters, of fealing-wax ; upon which

the luminous conductor is to be mounted.
N. B. The dots in the tube are intended to re-

prefent the appearance of the electricity in

it, in the experiments defcribed in Tab. xiv.

But, when a bottle, or a large jar, is difcharged

through the glafs-conduCtor, it is uniformly

filled with light.

The use of the glass conductor.

The glafs-tube, thus furnifhed, and mounted,

being properly exhaujled, and perfectly dry, will aft

in all refpeCts like one of metal ; and the electro-

meter, being placed upon the brafs ball B. will

anfwer to the charge of a jar, or battery, exaCtly.

But the principal ufe of this inftrumenr, is to af-

certain the direction of the eleElric matter, as it pajfes

through it. And this end, it completely aniwers

in the manner following, viz. fet it with the col-

leCting-point F. before the globe, and place the

knob
71
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knob of an uncharged bottle nearly in contaft with

the brafs ball B. or hang a chain, &c. from theace

to the table; and, on working the machine, the

ball D. in the tube becomes entirely enveloped, in

a denfe, white atmofphere of electricity. If the

point F. be brought nearly into contact with an

infulated rubber, and a communication be made
from the ball B. to the table ; the atmofphere will

be upon the ball E. in the tube. If a bottle, pofi-

tively charged, be prefented as in the drawing

tab. xiv. fig. 9. the appearances in the tube will

be as therein delineated. But, if a bottle, charged

negatively, be thus applied, the atmofphere will

furround the ball E. in the tube, as in tab.xiv.
fig. 10.

Conjectures on thefe Phenomena..

It is fuppofed, that the impelling power of the

globe, or the knob of a positively charged bottle
,

drives the particles of electricity through the fub-
Jlance of the balls, wire, &c. with which they are

in contaCt, with great velocity, and in a kind of
ftraight line; but, the eleCtricity having entered

the vacuum, the repulfion of its particles imme-
diately takes place, and the tube is inftantly filled

with light. The denfe white atmofphere upon
the oppolite ball is fuppofed to proceed from the

refiftance of the air in the tube ; a fmall portion of
which, will, in this method of exhauftion, inevi-

tably remain in it. And, as every particle of elec-

tricity, is fuppofed to be in a ftate of repulfion

with refpeCt to its next neighbour, the vacuum
giving them free liberty of expanding themfelves,

cr
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or ftanding at the greateft diftance from each

other ; it is imagined, that they actually do fo,

and will not enter the ball, and wire, at the oppo-

fite end of the conductor, in a point , or ftnall

[pace, (as they do in the open air) ; but that they

entirely furround them, and enter at all parts at

the fame time ,
in order to their conveyance into

thofe bodies placed at the end of the brafs work
to receive them.

If, inftead of the brafs balls in the tube,

points are ufed ; or if a point be fixed at one end of

the tube, and a ball at the other ; the effeft will

be precifely the fame. Note alfo, That the

glafs -conductor, for the purpofe of making Dr.

franklin’s curious experiments, with a pointed

and blunted wire, is far fuperior to one of metal,

the eledtric atmofphere being fo much better re-

tained by it. By this eafy and fimple procefs,

may an ocular demonftration, at all times, be

given, in a dark room, and dry air, of the truth

and propriety of Dr. franklin’s hypothecs of the

Leyden bottle.

SECTION FIFTH.

Mifcellaneous Experiments, made principally in the Years

1771 and 1772.

EXPERIMENT I.
*

I
F a black filk ribband, or a piece of black fllk,

be laid on a quire of paper, &c. on a table, and

excited by drawing over its furface fealing-wax,

fulphur.
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fulphur, amber, or a tube of glafs with the polijh

taken off by emery ;
its electricity will bq pofftive :

whereas, if it be excited, fingly, or together with
a white ribband, by drawing them brifkly between
the fingers, it is always negative . Laying it on
the paper, and drawing over its furface a rod, or

tube of finooth glafs, its ele&ricity will alfo be
negative.

EXPERIMENT II.

If a plate of glafs, ten, or twelve inches in dia-

meter, be excited, and placed upon the top of a

box, from which a pair of light pith or cork-balls

are fufpended, being mounted on a fland of feal-

ing-wax ; the balls will feparate, and fcand re-

pelled from each other, being electrified pofi-

tively, (in a dry air), upwards of four hours.

When they come into contact, on removing the

glafs, they diverge again, and are negatively elec-

trified ; but, on replacing it, they clofe. On re-

moving it again, they feparate ; and thus alter-

nately as long as any electricity remains in it
(eK

If the plate of glafs be placed in a frame
of wood, and a light pith or cork-ball be laid on
its furface ; on prefenting towards it the end of a

finger, or the point of a pin, &c. the ball will re-

cede from them, with a very brifk motion, and
may thus be driven about upon the furface of the

glafs, like a feather in the air, by an excited tube,

or the wire of a charged bottle. The cork-ball,

(e) For an explanation of thefe phaenomena, fee Mr. can-
ton’s experiments, Phiiofophical Tranfa&ions, Vol. LVIIL
Part I. N° 53.

being
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•

being deprived of its electricity by the pin, See. in-

flantly flies to that part of the glafs to which it is

attracted the moft forcibly.

EXPERIMENT III.

I hung on my prime-conductor a fmall phial,

two inches in diameter, coated three inches and a

quarter from the bottom. From the coating of

this phial, I fufpended two chains ; the firft, in

contact with a heavy weight, placed upon a card,

acrofs which, I had ruled lines, at equal diftances,

tab. xiv. fig. i. the fecond chain formed a

circuit, with leaden pipe, fmall brafs wire, fmall

chain, See. of one hundred and twenty feet in

length. From the ball of my difeharging rod,

which refted on another weight (fee the figure), I

alfo hung a chain, in contact with, and corn-

pleating, the circuit of one hundred and twenty
feet before-mentioned ;

and obferved, that, if my
bottle was charged quite full, the electricity

would, in the difeharge, pafs through the long

circuit , rather than over the furface of the card,

when the weights were placed at nine fixteenths

of an inch afunder: but, if I charged the bottle

only about half-full, the electricity would, in the

difeharge, pafs through the long circuit, rather

than over the furface of the card, though the

weights were placed at the diflance of only three

fifteenths of an inch.— Query, Can there be a

greater proof of the fmall refinance made by metal

to the pafling of the ele&ric matter, compared

with card, wood, &c. and confequently of the uti-

lity
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lity of metallic conductors to buildings, fhips, &c. ?

The fame obfervation hath been repeatedly made,
upon the efjeCts of the natural eleCtricity. And a

remarkable inftance hath lately happened, at the

church of St. John, Weftminfter ; a very exaCt

account of which hath been taken, by Dr. wat-
son, f. r. s. and j. banks, esq., f.r s. who, I hope,

will at a convenient opportunity, favour the curious

in thefe matters with their ingenious and intereft-

ing remarks on it. The tower of this church, I am
informed, hath no po'mted metallic termination.

EXPERIMENT IV.

Having prepared a phial, in the manner directed

by Mr. lane, for making his curious experi-

ment; by paffing a wire through the bottom, and

another through the cork, fo as to bring the ends

of the two, within half an inch of each other,

about the middle of the bottle (which was filled

with water) I found, as that gentleman obferved,

that a flight (hock of electricity difcharged through

it, would break the bottle. But having put a very

fmall wire from the top, to the bottom of it,

through the water ; 1 difcharged through it, three

large jars, containing fixteen fquare feet of coated

furface, when the whole of the fmall wire was
exploded; but the bottle remained unhurt. If

therefore a metallic conductor (being too fmall)

fhould happen to be deftroyed by a ftroke of light-

ning, yet the building, &c. to which it is affixed,

will probably efcape uninjured.

EXPERIMENT V.

When I ftrongly eleCtrify a large prime-con-
ductor, three feet long, and twelve inches in dia-

meter; if a perfon hold in his hand a brafs rod

terminated by a ball, two inches in diameter, at the

Vol. LXIV. Ggg diilance
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diftance of two inches,, from the fide of the con-
ductor [tab. xiv. fig. 2 .], he will continue to

draw fuch ftrong fparks as will give him a fenfible

fhock in both his legs : but if another perfon at the

fame time prefent the point of a lancet, or a wire

five or fix inches long, nicely tapered to a point,

tipped with fieel, towards the conductor; though

at the diftance of two feet, or fomewhat more, this

will draw off all its eledtricity Jilently ; and not

fuffer a fpark to pafs from thence to the bral's ball:

it is alfo obfervable, that if the point of the wire,

or lancet, be brought nearly into contact with the

prime-conductor, yet no ienlation is felt in the

arm, &c. of the operator: hence, I think, appears

clearly the preference due to points,
rather than

round balls, or blunted ends, for the termination

of the conductors ereCted as a fecurity to buildings,

&c. from damage by lightning : for to me, it feems

probable, that the fharp point of the conductor

will aCt upon the eleCtric atmofphere of the cloud,

and perhaps gradually and filently continue to di-

minifh the contents,, before the cloud can ap-

proach near enough to ftrike; and thus contribute

to leffen, if not actually prevent, a ftroke But

fhould the point be ftruck, the confequence I fup-

pofe will not be great, and a curious inftance I

have- now before me, which 1 fhall beg leave to

quote as follows. “ About nine o’clock we had a

“ dreadful itorm of thunder, lightning, and rain,

“ during which the main-mafl of one of the Dutch
“ Eaft Indiamen was fplit, and carried away by
“ the deck ^ ; the maintop-mad and top gallant-

(f) Captain wxnn’s conductor, though two of the links were

broken, effedlually anfwered this intention.

(g) The flays, fhrouJs, &c. being all cut afunder (Dr. so-

lander. informed me) as with a knife.

maft.
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“ maft, were fhivered all to-pieces ; die had an
44 iron fpindle at the main top-gallant-maft-head,
44 which probably directed the ftroke. This {hip
44 lay not more than the diftance of two cables
44 length from ours, and in all probability we Ihould
44 have fhared the fame fate, but for the electrical

44 chain which we had but juft got up, and which
44 conducted the lightning over the fide of the ftiip;

44 but though we efcaped the lightning, the explo-
44 fion ftiook us like an earthquake, the chain at

44 the fame time appearing like a line of fire : a
44 centinel was in the adtion of charging his piece,
te and the fhock forced the mufket out of his hand,
44 and broke the rammer rod. Upon this occafion
4C

I cannot but earneftly recommend chains of the
44 fame kind to every {hip, whatever be her defti-

44 nation; and I hope that the fate of the Dutch-
44 man will be a warning to all who fhall read
44 this narrative, againft having an iron fpin-
44 die at the maft-head.” See Capt. Cook’s

voyage. This condudlor was of copper wire,

three iixteenths of an inch in diameter; which
i am inclined to think is rather too fmall for

the purpofe; I am of opinion it ought to be

a quarter of an inch at leaft : and I have been

informed by Dr. solander, that the point ori-

ginally belonging to the condudlor, had been

ftolen ; and that this, on which the lightning-

fell, was of inferior workmanfhip, and not fo

{harp; which was another great difad vantage: per-

haps if the wire of the chain had been larger, and

(h) Tt does not however appear, that the fmall hempen cord,

with which the links of the chain are clofely connected, or even
the things which conne£ted them, had received the leaft injury

from the lightning.

G g g 2 the
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the point more acute, the ftroke would have been
much lertened ; if not abfolutely prevented. If,

inhead of thofe chains, plates of copper, three fix-

teenths of an inch thick, and two inches in dia-

meter, with the edges neatly rounded off, were
inferted in a groove, and continued down the

main-top-gallant-maft, the main-top-mart, and
part of the main- mart, into the well-hole; a

communication from the maft, to the under-iide

of one of the decks, might be made with a plate,

or rod of metal, flattened at each end ; and from
that rod, the conductor might.be continued by
plates of lead, or copper, on the under-iide of

the deck, and down both the outer-iides of the

Hi ip, as low as the keel, if it be thought neceifary :

and this method (the condudfor being always in rea-

dinefs, and kept perfedtly in order) 1 fhould appre-

hend would be preferable to the chains, which are

now in ufe. Particular care fhould be taken, to have

all the plates, which form the condudfor, as nearly

as poflible in contadt with each other, and to fix

a (harp-pointed, flender rod of copper at its fum-
mit. And for the pnrpofe of connedfing the

plates, inferted in the main-top-gallant-maft,

the main-top-mart, and the main-mart ; if an

hoop of copper were fixed in a groove of its

own thickneis, at the top of the main-mart

and another l'uch hoop at the upper end of

the main-top-part ; perhaps they might an-

fwer this end very conveniently C'K The learned

and ingenious Dr. watson, f. r. s. hath, with

(i) If an objection fhould be made to cutting grooves in the

mails, the plates of metal, which form the conductor, might

readily be fattened upon the lurface, and very fecurely..

great
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great judgement and accuracy, colie&ed from

ancient hiftory, the accounts therein recited, of

electrical appearances, upon pointed bodies ; as

the fpears of loldiers, &c. &c. which have

been very judicioufly introduced by Dr. priest-
ley into his Hiftory of Electricity : and I

Gannot but think, thofe accounts, furnifh a very

ftrong argument, in favour of pointed conductors :

for had the bodies here fpoken of been terminated

by blunted ends, or round knobs, it is probable

that many of them inftead of drawing off the light-

ningfdently, would have been Jlruck with it; and
this, being deemed a common occurrence, would
have pafted unnoticed, and confequently never

have been recorded in hiftory.

If pointed bodies had really the property of

drawing down ftrokes of lightning upon themfelves,

I think the pillar upon Fifh-ftreet Hill, commonly
called the monument, could not long have
efcaped. This pillar is terminated by a bafin of
metal, four feet and fix inches in diameter. The
bafin is furrounded by a great number of
bended plates of metal, parply pointed, to reprelen t

flames cff Are. From the balm, to the floor of the

gallery, are fixed perpendicularly in a circular or-

der four thick bars of iron; and in thofe bars are

inferted twenty-eight ftrong hoops, and four feg-

ments of circles, of the fame metal ; which ferve.

as fteps from the gallery to the bafin. One of
thefe bars (being one inch thick, and five inches,

broad) is connected with the iron rails of the

(k) See Philofophical TranfaCtions, vol. 48, part I. p. 210.

(/) See Hiftcry and Prefent State of Electricity, fecond edi-

tion, p. 371.

• ftair-cafe.
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liair-cafe, which reaches to the bottom of the

building, and forms a fubftantial, regular con-

ductor of metal the whole length. The monu-
ment was eredted by Sir Christopher wren
in remembrance of the fire of London, which
happened in the year 1 666. It was compleated

by that great architect, in the year 1677; is,

including the blazing urn at its fummit, about

two hundred and two feet in height, from the

pavement; and hath never (fo far as I have

been able to learn) been ftruck by lightning.

The antenna and legs of the grafshopper on the

Royal Exchange in Cornhill ; and the tongue and

tail of the dragon on the fpire of Bow church in

Cheapfide, London, are alfo remarkable in-

stances (m)
: indeed I have often thought it rather

a favourable circumftance, that moft of the lofty

public buildings in this metropolis which have

metallic terminations, have generally been furnifhed

with weather-fanes, which fanes commonly end

in fharp points : for had they been terminated with

large round balls of metal, perhaps many more of

them might long fince have been demolifhed.

Here therefore I cannot but exprefs my earned;

wifhes, that, on all future occafions, where lofty

public edifices are to be ereCted; a good pointed

condudor for the lightning, may be confidered by

every architect, or furveyor, as an effential part of

the edifice itfelf.

EXPERIMENT VI.

I attempted to afcertain the condu&ing power,

of different metals, in the manner following. I

(
m )

A great variety might be produced, but Dr. franklin

hath himfelf rendered this unnecefTary.

took
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took a thick piece of pafte-board, acrofs which I

ruled lines, exactly an .inch afunder„ Upon thefe

lines, crofs-wife, I placed the wires ; which I

confined by heavy weights: the edges of which

weights juft touched the ruled lines; leaving ex-

a£lly an inch of wire between them [fee tab. xiv.-

fig. 1.]. The kinds I tried wer pure gold, fiber,

brafs , copperJilvered, and iron. They were all drawn
through the fame hole, except the iron, which
was fomewhat larger than the others. I proved

them with two jars, containing eleven fquare feet

of coated furface ; and adjufted the charges, by
an eletlrometer graduated in divifions of one tenth

of an inch each, the diameter of the fcale being

two inches.. The refult was as follows :

Pure Gold
j

• - f 4 j
Brafs / \ 6 /
Copper filvered l was melted at < 8 ^

Divifions*

Pure Silver
\ /

1° \

Iron J [10J
If I gave either of the wires a divifion lefs

than the number above fpecified, it was not

melted: if I gave either of them a divifion more,,

it was exploded ; the greater part vanifhing in

fmoak : whereas thefe charges juft burft them
into balls.

Should any gentleman choofe to repeat this

experiment, I would recommend it to him to

be very particular in fizing the wires; to life a
greater length , to do it when they are all frefh

drawn, to make the experiment in a very dry day,

and in a room where there is no fire. With thefe

precautions, probably there may be fome difference

in the refult; and this method will perhaps give a

2 true
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true account, of the conducing power, of the dif-

ferent kinds of metal.

Having lately been prefented, in the mod
polite manner, by the celebrated Dr. lew-
js, f. r.s. See. with fix fpecimens of his pla-

tina ; in as many different dates : I feledied the

larged grains, from one of the parcels which
Dr. lewis informed me had been repeatedly ex-

pofed to long-continued vehement fires; the mod
intenfe which he had been able to excite, or

any veffels he could procure would fupport : and
after a few fmall globules (confiding doubtlefs in

great part of heterogeneous metal) had melted out,

repetitions of the operation produced no further

^change. It was afterward boiled fucceflively in

©il of vitriol, aqua-fortis, and fpirit of fait, in

order to its further purification; and which in-

deed reduced it to a date the mod pure of any that

excellent chemid had been able to produce. Having
ruled a line with a blunt-ended wire, over the fur-

face of a plate of white wax ;

EXPERIMENT VII.

I prefied in the grains of platina lightly, and in

contact with each other; fo as to form a regular

line, half an inch long. At each end of the line

c \ platina, and in contact with it, i placed a thick

wire, with its ends nicely rounded off, and made
perfectly fmooth. I covered the platina with a

piece of thick plate-glafs ; and then difeharged

through it, three jars containing fix teen 10 uare

feet of coated furface : when 1 obtained many
beautiful fpherules of the platina. Several of them
duck to the wax, and glafs ; and others imperfectly

formed,
upon the edges, See. of the grains: which
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proved that the fufion had been compleat. This
experiment I made in the prefence of Mr.
Fergufon, f. r. s. Mr. William Canton, Mr. Bell,

and Mr. Marfham, who all acknowledged it per-

fectly fatisfaCtory. Having mentioned the refult

of this experiment, and the method of making
it, to Mr. nairne; he hath fince repeated it with
equal fuccefs.

Being informed, by Mr. William Canton,
that his brother, Mr. Thomas Canton, had, in

preparing a dried cork for an experiment in elec-

tricity, obferved fome appearances which in-

duced him to believe, that the cork had been

made electrical, by only cutting it with a pen-
knife, and that on examination he found it really

was fo; I made the following experiment.

EXPERIMENT VIII.

I made a long cork perfectly dry, and held one
end of it very near the fire, till it began to burn.

At the fame time, I held a fmall, fine-toothed file, in

the clear part of the fire, till that alfo, had become
very dry, and rather hot. Then, having filed off

the end of the cork, I applied it to a pair of neat,

light pith-balls ; when it attracted them both*

and raifed them perpendicularly, as high as the

firings would permit. Having electrified the balls

by excited amber, the cork would increafe their

divergence from one, to near two inches j or it

would repel them at an inch diftance, fo as to

drive them one inch and an half out of the per-

pendicular. Electrifying the balls by excited

glafs, thefe appearances were direCtly reverfed.

The cork therefore had parted with its eleCtricity

Vol.LXIV. Hhh • to
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to the file, and plainly aCted as a negative elec-

tric.

EXPERIME NT IX.

Having neatly rounded off the corners of a

piece of thin talc, about three inches fquare ; I

coated both the fides of it, within three quarters

of an inch of the edges, with tin-foil, which I

alfo rounded off at the corners. The talc, thus

prepared, I obferved would readily charge, with-
out wiping, or drying the uncoated part ; and the

force of the fhock, in the difcharge, was really

aftonifhing.

Having been {hewn, by my late truly ingenious

friend Mr. canton, an eleCtric fpark, of a very

beautiful crimfon colour , which always appeared as

it was drawn over, or through, a piece of fmooth
wood, at the top of the conduhlor-Jland, and which
was fuppofed by fome gentlemen, to be the light

of electricity, very thinlyfpread upon the furface

of the wood; I was exceedingly delirous to know
from what caufe this phenomenon really pro-

ceeded ; and for that purpofe made the following

experiment,

EXPERIMENT X,

I fixed between two balls, introduced into the

circuit of an eledtric drfeharge, a piece of fmooth
wainfeot, about two inches in diameter, and a quar-

ter of an inch thick ; when, upon making the dif-

charge of a pretty large jar, f obferved the wainfeot

to be nearly covered with the eledtric light, the outer

parts, or edges of the light, were exceedingly thin,

but the colour very white ; as it was alfo in feveral

2 other
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other experiments, made with the fame intent.

I then procured a circular piece of coloured box,

which was glued to the top of the itand to my
prime-conduCtor ; when, drawing ftrong fparks

through this •wood (of whatever colour it was), I

became clearly of opinion, thit the colour of the

/park varied according to its depth in the weed ; viz.

if it pafled upon the furface, it was white ; a

dittle below it, yellow, or orange; jftill lower,

fcarlet ; and, deeper in the w^ooo, crimfon.

It having been mentioned, by fome gentlemen,

as their opinion, that the matter of light, and the

eleCtric matter, were the fame things
; I made .

the following experiment, in order to determine

whether there was any foundation for fuch an

opinion or not.

EXPERIMENT XI.

I infulated the rubber of my machine, and placed

it in fuch a fituation, that the rays of the fun,

paffing through the open window of my room,
might fall immediately upon it ; but this I obferevd

produced no electricity. I then collected the rays

into afocus, by means of a good convex glafs, and
threw them upon the back of the rubber, till it

was burned quite black ; but this method was at-

tended with no better fuccefs. I then mounted
one of Mr. canton’s electrometers, furnilhed

with very light balls, upon a Hand of fealing-

wax ; and, having eleCtrified them negatively, by
excited amber, fo as to diverge a full inch, I again

(«) Qpery, If this were really the cafe, fhould not ele&rical

experiments fucceed, in the moft perfect manner, in the clearejl

light of the fun ? and would not the evening, or night, be an
exceedingly improper time to attempt making them ?

H h h 2 collected



£ 4 20 1

collected the rays of the fun by the convex glafs,

and held it at luch a diftance as to bring the focus

exactly upon the end of the box, which was burnt

very black, and the glue in the joints melted; but

the balls were not in the leaft affeCted.

Extract from Mr, boyle’s Continuation of

hawkesby’s Phyfico-mechanical Experi-

ments.

“ I took a large piece of good amber; and,

“ having in a fummer-morning (while the air was
“ yet frefh) tried that it would not, without being
“ excited, attract a light body I had expofed to it,

“ I removed it into the fun’s beams, till they had
“ made it moderately hot ; and then I found, as I

“ expelled, that it had acquired an attractive

<c virtue, and that not only in one particular

“ place, as it is ufualty obferved when it is ex-

“ cited by rubbing, but in divers and diftant

«« places at once ; at any of which it would draw
“ to it the light body placed within a convenient

“ diftance from it ; fo that, in this climate of

“ ours, a folid body may quickly acquire an at-

«« mofphere by the prefence of the fun, and that

« long before the warmeft part of the day.”

ANOTHER.

«'« I took a little, but thick, veflel of glafs, and

“ held it near the fire till it had got a convenient

“ degree of heat , which was not very great,

“ though it exceeded that of the amber. I found,
11 as I imagined, that the heat of fire had made

“ even
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‘‘ even this body attractive, as that of the fun.

‘
< had made the amber.”

REMARK.

If Mr. boyle, when the amber was heated,

prefled it ever fo lightly againft his hand, in order

to try its warmth, (though without the lead: fric-

tion), he excited it ; and, without this , it was not

eleCtrical, neither would it becomeJo in cooling. If

the amber was too hot , the heated air about it

would conduct. Therefore he was obliged to find

a convenient degree of heat. This aflertion may
be proved in the following manner.

experiment xii.

Hold a piece of amber near the flame of a

candle, till it becomes hot ; then apply it to a fuf-

pended thread, and it will not attract it, neither

will it become eleCtrical in cooling

;

but prefs it

ever fo lightly on your hand, in order to try its

heat, though without the lead friCtion, and (if
it be not too hot

J

it will be eleCtrical, and attraCt it

violently., Heat it again at the candle, and its

electricity fhall be taken quite away. Prefs it

again gently on your finger, or hand, and the
power will be redored. Apply it again to the
candle, it is lod. And thus alternately. Other
eleCtrics may probably aCt in the fame manner;
as the flame of a candle, or. hot airt will conduCt
away the electricity cf glafs, almoft indantane-
oufly.

e - iliV/ C iv U,-.* 0 ii*^ ^ '-•3* > < (

EXPERIMENT
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EXPERIMENT XIII.

Shewing Mr. nairne the above-mentioned
•experiments ; when the amber had been well-

heated, and being prefented to a fn (pended thread,

having fhewn no fign at all of electricity
j

I held it, between my thumb and fore- finger,

very near the table, but not fo as to touch it, that

vve might entirely avoid friction. He then blew
againft it thirty blafts, with a pair of kitchen-

bellows ; when prefenting it to the thread, it at-

tracted it, at the diftance of one-eighth of an inch.

He then blew againft it, thirty blafts more, as

above defcribed ; when applying it again to the

thread, we favv it attracted, at half an inch di-

ftance ; and, on drawing back the amber, it drew
the thread after it, fix, or eight inches. We re-

peated the experiment three times, with the like

luccefs ; and are fatisfied, that the amber was
made eleCtrical by the fridiion of the particles of
air againft itsfurface ; and not in the leaf by heat-

ing only. We afterwards excited the amber,

when it muft have been perfectly cold, but dry,

by only blowing againft it as before.

The fame procefs fucceeds with glafs.

SECTION SIXTH.

Experiments and Obfervations on the Electricity of fogs, &c.

in purfuance of thofe made by thomas ronayne, Efq;

1771, Nov. 14. Half paft eight, A. M. I find

a fog, not very thick, pretty ftrongly eledrified.

The balls feparate full half an inch. They keep

ftationary, there being little or no wind.

Nov. 19.
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Nov. 19. The air is pretty firongly electrified ;

but the wind is fo very troublefome, that I cannot

determine the kind with certainty.

Dec. 2. Half pa(t eight, A. M. a fog, mo-
derately thick, is firongly electrified. The balls

diverge half an inch ; but, if they are brought

near the building, they clofe, and open again on

removing them. The mercury in the thermo-
meter, is fifteen degrees, above the freezing

point.

Dec. 1 8. Half paft' four, P. M. a moderately

thick fog is firongly electrified, foon after its ap-

pearance. The balls diverge, full half an inch,

and regularly clofe, at the approach of excited

wax. The wind is troublefome ; but the balls

keep their difiance, and at intervals very well ad-

mit trying the experiment.

1772, Jan. 5. A fog is firongly eleCtrified po-

fitively. The balls diverge full half an inch. The
air" is fiiarp, and frofty.

Jan. 13. Nine o’clock, A. M. a fog, not very

thick, is firongly electrified pofitlvety. The mer-
cury in the thermometer, is feven degrees and an
half above the freezing point. There is little or

no Wind.

Jan. 18. Ten o’clock, A. M. The air is'

pretty firongly eleCtrified by a fall of fnow.

Jan. 21. Nine o
v
c!oek, A. M. I find the air

firongly eleCtrified,, during a fall of thin fleety a

mixture, of fnow, and rain, very gentle. The
balls feparate three quarters of an inch, and re-

main fiationary, there being little or i>o wind,
N. B. The electricity in the air is pofitive.

Jan. 2Q0
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.
Jan. 29. Nine o’clock, A. M. a very thick

fog, and {harp frofi. The air is fo ftrongly elec-

trified positively, that the balls feparate full an
inch and a quarter. There is little or no wind,
and they remain fiationary ; fo that the experi-

ment may be made without the leail danger of a

mi flake.

Twelve o’clock, the balls diverge as wide as at

nine.

Three o’clock, P. M. the balls are exceedingly

difturbed by the wind; but, blow as it will, they

ftill keep at a great difiance from each other. It

freezes very hard. A quarter part four : the fame

as at three o’clock.

Half paft five. The balls are fiationary, at three

quarters ofan inch difance, from each other. The
fog increafes ; and the rods are perfectly wet, from

end to end. It is now too dark for further accu-

rate obfervation.

Jan. 30. Nine o’clock, A. M. I find the air

ftrongly electrified poftively , in a flight frofi, and

thick fog. The balls feparate full half an inch :

they are difturbed by the wind ; but it does not

clofe them ; and the experiment is tried eafily.

There hath been a fmall fhower of fnow, which
lies thinly fpread upon the houfes ; and I have

often fufpeCted (as I do now), that thisforms points,

and conduCts the eleCtricity fafter. The electricity

continued the whole day.

Feb. 4. Nine o’clock, A. M. A (harp frofi,

and thick fog. The air is ftrongly eleCtrified

poftively: the balls diverge full three quarters

of an inch. Eleven o’clock, A. M. The balls are

fiationary,
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'ftation ary, at upwards of an inch difance . They
clofe at the approach of excited wax.

Half paft: two, P. M. The fame as at eleven

o’clock. Three o’clock. Over-call and cloudy "

the balls are very Hill, but fhew fcarce any fign of

eledtricity.

Feb. ii. Eight o’clock, A.M. A thick fog

is fenfibly eledtrified poftively. The balls diverge

a quarter, or three eighths, of an inch. Wind
S. W. and troublefome. Thermometer 38. Ba-

rometer, 29,94.
Feb. 15. Half paft ten, A.M. I find a thick

fog, fenfibly eledtrical. The balls diverge five-

eighths of an inch, full. Prefently, after I had

fixed my rod, there fell fome fmall drops of rain*

Upon the moment of its falling, the balls increafed

their divergence near, or quite, a quarter of an

inch. I never faw a fog more ftrongly eledtrified

when the weather was fo warm, the mercury in

my thermometer, in the open air, being feven and

an half degrees above the freezing point. I fup-

pofe higher in the atmofphere it is now uncom-
monly cold.

Fifty minutes paft two, P. M„ It fnows very faft„

The air is now ftrongly eledtrified poftively. The
balls feparate full three quarters of an inch.

Wind S. W.
From the fmall number of experiments I have

been able to make, on the eledtricity of the atmo-
fphere, I cannot help being of opinion, that fogs

are much more ftrongly eledtrified in, or immedi-

ately after, afrof,
than at other times ; and that

the eledtricity in the fogs is often the ftrongeft,

Vol.LXIV". lii foon
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Toon after their appearance. I alfo now hold it

for a certain rule, that, whenever there appears a

thick fog, and the air is at thefame timefiarp and

frofly, that fog, is itrongly electrified pofitively.

Though rain may not be an immediate
,
yet I am

inclined to think it is by no means a very remote

confequence of electricity in the atmofp’nere ; and,

from the trifling obiervations I have had an op-

portunity to make on that fubjeCt, I have not
failed to find, that, in two or three days, after f

have difcovered the air to be (trongly electrified,

(efpecially if that eleCtricity continued for as long

a time), we have had rain, or other falling wea-
ther, and I incline to believe, more plentifully, in

proportion to the ftrength, and continuance, of the

eleCtricity; if not rain, fnow, &c. according to

the ftate of the atmofphere, with refpeCt to heat

and cold. If eleCtricity be not a caufe, I think it

at leaft a prognofic , of falling weather. But, for

further fatisfaCtion in this particular, I would re-

commend it to any gentleman curious in thefe en-

quiries, and having leifure, to keep an eleCtrical

journal, upon a plan of the following kind.

Let a large book be provided, and ruled in the

manner of a bill-book, ufed by tradefmen. The
columns fo ruled may contain a collection of ob-

fervations in the following order : Date and day

;

hour, latitude and longitude, or place; divergence,

of the balls ; kind of eleCtricity
; variation of the

needle ; dip of the needle ; barometer, thermome-
tei, hygrometer, wind, weather, occafional obierva-

tions ; to which may be added, the rain-gage, wind-
gage, See. Thefe things being carefully noted,
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and kites being frequently raifed, to the great-

eft heights poflible, together with a thermome-

ter in different ftates of the weather, would
probably foon throw new light upon this fubjedt,

and perhaps produce difcoveries, of which we
now have not theleaft idea. From my experiments,

and obfervations, on the electricity of fogs ; I once

imagined, that, whenever I faw a very thick one,

and the air was at the fame time (harp, and frofty

;

that fog, was ftrongly eledtrified pofitively: but I

have met with feveral exceptions to this rule, for on
Dec. 24, 25, 26, 27, 28, 29, 1772, in all which
days there were thick fogs, thermometer from 36
to 33, wind conftantly N. E. I could perceive no

fenfible eledtricity. Hence I conjedlured,that though
1 could difcover none in my fituation

,
yet higher in

the atmofphere it might probably be found in plen-

ty, and this conjedture was prefently afterward

verified by Mr. nairne, who obferved the air to

be eledtrical, when he flood in the golden gallery of

St. Paul’s cathedral, which is about two hundred
and eighty feet in height, though he could difcover

none in the ftone gallery, which is confiderably

lower: and the fame obfervation hath ftnce been
made by others ; and by myfelf, when I found
the divergence of the balls to be incrcafed, if I

projedled the rod, (from which they were
fufpended) through one of the lights, in the

lanthorn ; which is ftill higher. And it is

with fome pleafure that I have fince obferved

that Dr. lind, and Mr. brydone, have made the

(0) If Lord Charles cavendish’s can be raifed properly,

perhaps that may be preferable to any other.

I i i 2 fame
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fame remark in railing their eleCtrical kites

I have made many obfervations on the elec-

tricity of the atmofphere, of which I kept a jour-

nal more than a year : but I have no defire to pubr
liih it ; as I hope the curious in thefe matters will

be favoured with a much more accurate one, by
gentlemen better qualified to undertake it.

It may not perhaps be improper to obferve, that

in the courfe of my experiments upon the electri-

city of fogs, I have frequently obierved the balls

to diverge full two inches : but this never happened

except in a thick one; when the wind was S. W.,
and the mercury in the thermometer, under 40.

In the inftances I met with, where I could difcover

no eleCtricity in fuch a fog, though the mercury

flood at 35 or 36, the wind was always N. E.

The apparatus I ufed, confided of a light rod about

feven feet long, furnilhed with a box containing a

pair of light cork balls, hung by linen threads, fe-

ven inches long. This rod was placed in a piece

of wood, (over the top of one of the higheft win-

dows in the houfe, mod remote from other build-

ings) properly fitted to receive it. The end of the

rod, from which the balls were fufpended, was

elevated to an angle of about forty-five degrees.

Another rod, of equal length, was provided with a

tin focket, into which went a long, fubdantial,

dick of hard fealing wax, or fhell lac; which being

excited, and prcje&ed out at the window, was

brought near the bails; and thus readily, deter-

mined the kind of eleClricity in the atmofphere,

(p )
See Dr. Priestley’s Hiftory of Electricity, fecond edi-

tion, p. 333. Experiments by Mr. de romas,

2 But
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But in an openfituation ,
fuch an apparatus is un-

neceffary, as one of Mr. canton’s electrometers

having light balls, fucceeds very well, when held at

the diftance of about two feet from the body : the

back of the obferver being turned towards the

wind. This method alfo ferves to determine the

kind of it, when there is a much larger quantity of

eleClricity in the atmoiphere; and which would
eleCtrify the balls fo ftiongly, if held at the end of

a long rod, high in the air; that excited wax, &c.

being brought under them, would not produce the

leaft alteration in their divergence.

Notwithftanding the balls hanging from the

end of my rod, in the open air
,
have in fome

fogs diverged full two inches; yet I haye never

been able to make a pair of very light ones, hang-

ing from an infulated conductor, in my room , diverge

in the leaft, by means of the eleftricity collected'

from fuch a fog, by a long fifhing-rod, round
which a fine pointed wire was twifted, and made
to communicate with the conductor. On men-
tioning this circumftance to my worthy friend

Dr. franklin ; he defired me to try whether hav-
ing electrified the air in one room , I could by intro-

ducing the end of fuch an infulated rod into that

air, make the balls diverge, when hanging at the

cppofite end of it, in another room. I have fince tried

the experiment in two rooms,feparated by a paf'age,

nine feet long, in the following manner: I drew off

the charge of a large jar, without fuccefs; but hav-
ing recharged it, and drawn it off a fecond time ; the

balls hanging from the end of the rod, (upwards of
twenty feet long) in the other room, diverged a

full:
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full inch ; and I fuppofe the effeCt would have been

greater, but there being a large fire in the room
where the experiment was made, on opening the

door, in order to introduce the pointed wire, which
was twilled round the infulated rod, I apprehend,

much of the eleCtrified air was difplaced, by the

outer air prefling in upon it; and driving it to the

chimney, &c.
A pair of balls hanging from my hand,

near the end of the rod, in the eledirified air, di-

verged one inch and an half: but being held near

the other end of the rod, in the uneledlrified aif;

they diverged only half an inch. I then infulated

the rubber of my machine, andftuck a longffiarp-

pointed needle in the back of it. Then hanging

a chain- from my prime-conduCtor to the table, I

began to turn the winch; when the air of the

room, the end of the rod, &c. were prefently af-

fected: and the balls at the oppofite end of it, in

the other room, foon feparated considerably more
than an inch.

I cannot prevail on myfelf to quit this pleafing,

yet difficult fubjeCt, without expreffing a wiffi, that

an eleCtrical machine may be conftruCted, to work
from ten, to fifty large cylinders, furniffied with a

prime-conduCtor, batteries, and other apparatus,

proportionably large ; the whole to be inclofed by
brick walls, having flews quite round it, (like an

hot-houfe, for botanic purpofes) to keep the air in

the room in a due temperature for experiment.

With fuch a machine as this, properly managed;
•new, unexpected, and wonderful dilcoveries might-

be
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be made: and, to life the words of my learned and

ingenious friend Dr. priestley, they are not phi-

lol'ophers who think no advantages could be gained

by it. Electrical bells fhould alfo be fet up, to

give notice of electricity, in the atmofphere; and
by a pair of light pith or cork balls, hanging by
linen threads from the apparatus, the kind, con-
tinuance, and changes of the electricity fhould, be
carefully noted. It would alfo be proper to put
out occafionally, a long flick, or. the ftrongeft parts

of a fifhing-rod, having a box, with a pair of light

cork balls hanging from thence, at the end of it,

which would difcover much fmaller degrees of
electricity in the air, than is fufficient to ring bells;,

and by thefe, the kind of it may be readily afcer—

tained. Such a.courfe of experiments, as I have re-

commended in this paper, would foon throw new
light upon the fubjeCt of eleCtricity

;
hitherto, I be-

lieve, but little underflood ; though fo interefting to

mankind, and fo highly deferving the nicefl invef-

tigation, of the moil curious enquirers into nature.

But thefe purfuits can be properly attended to, by
thofe only, who are gentlemen of fortune, and lei--

fure : and could fuch be prevailed on to undertake

them, I have not the lead doubt but the exquifite.

knowledge o t this fec-ret-part of the operations of
nature, which they would foon attain in the prac-

tice, would prove an ample reward of their labours;,

an honour to their country, and perhaps a benefit,

to the whole human race.

XLII. A
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XLII. A Letter from David Mac-
bride, M. D. to John Walfh, Ffq\
F. R. S, accompanying two Letters

from Mr. Simon to Dr. Macbride,

concerning theRevivifcence offome Snails

preferved many Years in Mr. Simon’s

Cabinet.

To JOHN WALSH, Efq;

DEAR SI R « Dublin, 22 Jan. 1774,,

Redde,May5,'|' Inclofe to you two letters, which I re-
*774- ceived from Mr. stuckey simon,

concerning that extraordinary fadt in Natural Hi-
ftory, which you feemed to regret had not been
fufficiently authenticated to be communicated to

the public, in the Phiiofophical Tranfadtions of
laft year.—The Royal Society are undoubtedly in

the right to be extremely cautious of allowing

any thing, fo very much out of the hitherto-ob-

ferved courfe of nature, as this is, to appear in

their publications, without the fulleft evidence.

In



*



....

A *
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In Mr. simon’s letter of the 26th of Novem-
ber, you will pleafe to obferve, that he mentions

a particular fhell, whofe fnail had come out re-

peatedly four different times, in the prefence of

different people ; each of whom have allured me
that they faw it. That gentleman having done

me the favour to dine with me, a day or two after

the date of that letter, he brought the identical

fhell (as he declared), in order that we might try

if the fnail would again make its appearance.

The company were not difappointed ; for, after

the fhell had lain, about ten minutes in a glafs of

water that had the cold barely taken off, the fnail

began to appear ; and in five minutes more we
perceived half the body fairly pufhed out from
the cavity of the fhell. We then removed it

into a bafin, that the fnail might have more fcope

than it had in the glafs : and here, in a very fhort

time, we faw it get above the furface of the wa-
ter, and crawl up towards the edge of the bafin.

While it was thus moving about, with its horns

ered:, a fly chanced to be hovering near, and, per-

ceiving the fnail, darted down upon it. The little

animal inflantly withdrew itfelf within the fhell,

but as quickly came forth again, when it found
the enemy had gone off. We allowed it to wander
about the bafin for upwards of an hour ; when
we returned it into a wide-mouthed phial, wherein
Mr. Simon had lately been ufed to keep it. He
was fo obliging, as to prefent me with this re-

markable (hell ; and I obferved, at twelve o’clock,

as I was going to bed, that the fnail was dill in

motion : but, next morning, 1 found it in a torpid

date, flicking to the fide of the glafs.

Vol. LXIV. K k k In
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In a few weeks after the time above-mentioned,

I took an opportunity of fending this fhell to Sir

john pringle, who {hewed it at a meeting of
the Society ; but, as he has been pleafed to inform
me, fome of the members could not bring them-
felves to believe, but that Mr. simon mud have
fuffered himfelf to be impofed on by his fon, who,
as they imagined, fubftituted frefh fhells, for thofe

which he had got out of the cabinet.

When Sir john pringle acquainted me with

this difficulty, I wrote to Mr. simon, and that pro-

duced his letter of the 4th of February. I after-

wards alfo examined the boy myfelf 3 and could

find no reafon to believe, that he either did, or

could impofe on his father.

Mr.tiMON is a merchant of this place, of a very

reputable character, and undoubted veracity.

He lives in the heart of the city, a circumftance

which rendered it almoft impoffible for the fon

(if he had been fo difpoled) to collect freffi fhells.

The father of Mr. stuckey simon was Mr. james
simon, a Fellow of the Royal Society 3 who,
being a lover of Natural Hiftory, as well as an

Antiquarian, made a little collection of foffils,

which is ftill in the fon’s poffeffion, and contains

fome articles that are rather uncommon.
Should Mr. simon’s letters be inferted in the

Tranfa&ions, they will no doubt be the means of

exciting Naturalifts to enquire into the extent of

vitality in the lower orders of animals.

I am, dear Sir, your moft obedient,

and very humble fervant,

DAVID MACBRIDE.

Mr*.
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Mr, STUCKEY SIMON to Dr. MACBRIDE.

s 1 Dublin, 26 Nov. 1772. 1

AN accident having brought to light what
fome Naturalills have not had an opportunity to

examine into, and which has been a fubject of
fome coriverfation amongft gentlemen to whom I

'

have mentioned it, has made me commit to

writing the fimple fadts, in order to put others

on making further experiments on the fub-

je£t.—About three months fince, I was fettling

fome fhells in a drawer ; amongA which were
fome fnail-fhells. I took them out, and gave them
to my fon (a child about ten years old), who was
then in the room with me. The Saturday fol-

lowing, the child diverted himfelf with the {hells,

put them into a flower-pot, which he filled with
water, and next morning put them into a bafin.

Having occafion to ufe it, I obferved the fnails

had come out of the {hells. I examined the child*

He allured me they were the fame I gave him
fome days before ; and faid he had a few more,
which he brought me. I put one of them in

water ; and, in half an hour after, I obferved him
put out his horns and body, which he moved
with a flow motion, I fuppofe from weak-
nefs. I then informed Major Valiancy and Dr*
Span of this furprifing difcovery. They did me
the favour to come to my houfe the Saturday fol-

lowing, to examine the fnails > and, on putting

them in water, found that only one had life,

Kkk 2 ^ihich
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which was that I put in water, for he came out
of his (hell, and carried it on his back about the

bafin. The reft, I fuppofe, died by being kept too

long in water ; for, on the firft difcovery, I let

them remain in the water until the Monday fol-

lowing, when I poured off the water, the fnails

being ftill out of their (hells, and feemingly dead.

They lay in that ftate until Tuefday night, when
I found they had all withdrawn into their (hells ;

and, though I feveral times fince put them into

water, they (hewed no (igns of life. Dr. Quin
and Dr. Rutty did me the favour, at different

times, to examine the fnail that is living; and
were greatly pleafed to fee him come out of his fo-

litary habitation in which he has been confined up-

wards of fifteen years, for fo long I can with truth

declare he has been in my pofleflion ; as my father

died in January 1758, in whofe collection of

foffils thofe fnails were, and for what I know
they might have been many years in his poftef-

(ion before they came into my hands. The (hells

are fmall, and of one kind; white, ftriped with

brown. Since this difcovery, I have kept

this fnail in a fmall phial, with a cover with

holes, to let in air; and he feems at prefent

very ftrong, and in health. I (hall be extremely

glad, if this plain account I have given you would
induce gentlemen to make fome further experi-

ments on this fubjeCt. I am, Sir,

Your mod obedient,

humble fervant,

I

- STUCKEY SIMON.
Jv Aft.
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Mr. STUCKEY SIMON to Dr. MACBRIDE.

DEAR SIR, Strand-ftreet, 4 Feb. 1773*

I RECEIVED your letter; and fee that Sir

john pringle received the fnail fafe. You fay,

that fome gentlemen are inclined to think, my fon

has impofed on me frefh fhells, in the Head of

thofe I gave him. He had no opportunity to get

any other fhells, being, at the time and for feveral

days after, confined to the houfe with a cold. I

am pofitive they are the fame I gave him, having

more of the fame fort of fhells in my cabinet*

and nearly the fame fize.

The nine fhells, which produced the fnails, arc

of the fame kind as the one you lent to Sir john
pringle ; and I now fend you one of them, with
the fnail in it, which I take to be dead. Having
put it in water feveral times, it became foft ; and
a part of it pufhed out of the fhell, but fhewed
no other fign of life. I would have fent you a

few more of the fhells, but that the Bifhop of
Derry, and fome other friends, have begged of
me to give them a fhare.

I am, dear Sir,

Your mod: obedient,

humble fervant,

STUCKEY SIMON.

xliil 22*
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XLIII. The Bill of Mortality of the 'Town of
Warrington, for theyear 1773. By the

Rev.
J. Aikin. Communicated by Dr .

Percival.

Rcdd<r, May 19, K
|
VH E town of WARRINGTON, by

17 /

a

the beft account yet procured,

contains between 1600 and 1700 houfes. At five

perfons to a houfe, which is fuppofed a fufiicient al-

lowance, as but few are occupied by more than one
family, this will give fomewhat above 8000 for the

number of inhabitants.

The average of yearly marriages, chriftenings, and

burials, regiftered in the parifh church, from 1750
to 1769 inclufive, is.

Marriages, Chriftenings. Burials.

- " - - - 73 237 l 99
That for the years 1770,

2581 77 r > 1 77 2 > is>
- “ 95 33 i

This will ferve to fhow the increafe of the place,

and its comparative healthinefsj efpecially if we
confider that the deaths are much more exa&ly re-

giftered than the births. In the prefent bill, the

nurnber of children, who died after receiving only

private
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private baptifm, in confequence of which their deaths

were registered, bj.it not their births, amounts to 17 ;

which might therefore be added to the average of

ehriftenings for the three laid years, and will form an

extraordinary inftance of health in efs and increafe.

The prefent bill alfo takes in the feparate regifters

kept by different focieties, in which the births much
exceed the burials, as many of the latter are entered

at the parifh church.

The melancholy overbalance of burials, which

now appears, plainly arifes from the dreadful ravages,

of a Angle difeafe, the fmall-pox
;
which perhaps has

feldom raged with greater malignity than in its late

vifitation of this town. Its vi&ims were chiefly

young children ; whom it attacked with fuch inflant

fury, that the beft-diredted means for relief were of

little avail. The ftate of the air went through all

poflible variations in the courfe of it, but with no
perceptible difference in the ftate of the difeafe. In

general, the fick were kept fufficiently cool, and were

properly fupplied with diluting and acidulous drinks *

yet where they recovered it feemed rather owing to a

lefs degree of malignity in the difeafe, or greater

ftrength to ftruggle with it, than any peculiar ma-
nagement. Where it ended fatally, it was ufually

before the puftules came to maturation ; and indeed

in many they fhowed no difpofition to advance after

the complete eruption, but remained quite flat and
pale. The gradual progrefs and decline of the

difeafe will appear from the Table of Months. Its

proportional virulence began to abate conftderably

before it ceafed. I cannot with, certainty lay down
the general proportion of deaths ; but in one neigh-

bourhood.
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bourhood I found that out of 29 who had the difeafe,

12 died, or about 2 in 5 ; in others the mortality was
ftili greater, and I have reafon to believe it was not

lefs on the whole. It may perhaps be worthy of
obfervation that the proportion of females who died,

to males, was nearly as three to two. While we
lament the feverity of the fcourge with which we
have been afflicted, we cannot but highly regret, that a

practice, which experience has eftabiifhed as fo effec-

tual a fecurity againft it, was fo little followed. Not
ten, I believe, were inoculated in the whole town
and neighbourhood: thefe all did weil, yet their ex-

ample was not fufficient to overcome fome accidental

prejudices taken againft it. Indeed, the poor, who
were the chief fufferers in this calamity, befides

thefe prejudices, might be deterred by the idea of

expence attending this branch of medical affiftance.

But if the opulent and charitable would refleCt how
exceedingly ufeful their benefactions directed to this

point would be, that, by a proper encouragement of

this practice the lives of 200 of the riling generation

might in all human probability have been faved to the

public in the courfe of one year, the regret of having

loft fuch an opportunity of doing good, would, I

hope, be fucceeded by fuitable refolutions for fome

future occafion. It would be eafy to fuggeft a plan

for promoting the practice of inoculation at a very

moderate expence ; and, I am perfuaded, the talk of

engaging the afliflance of the faculty, would be the

leaf!: difficult part.

With refpeCt to the general Table of Difeafes, the

obvious uncertainty and inaccuracy of an enquiry

which, in moft cafes, could only be made by the

clerk
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clerk in the church-yard, made me defpair of render-

ing it in any great degree fubfervient to the purpofes

of fcience. It has not, therefore, been attempted to

give it a fcienfific form ; but the articles have for the

moft part been inferted juft as they were given in.

Indeed the alarming article of Consumption, which
includes all thofe returned under the common terms

ofWeaknefs, Surfeit, and Decay, has been arranged

under three different periods of age, to enable the

medical reader the better to judge of the different

difeafes contained under it.

The Table of Ages and Conditions has been

drawn up with great exadtnefs ; and will certainly,

in a proper feries, form very ufeful grounds for the

calculations in political arithmetic. In this light it is

hoped that the utility of accurate bills of mortality

will be generally apparent ; and that, fince the benefit

of them is not confined to one profeflion, all will

concur in encouraging them.

JOHN AIK IN.

i r-

V©l. LXIV. L 1 1 WA R-
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WARRINGTON, 1773,

BILL OF M O R T A L I T Y.
i > _ . * .* • J . :! U JK.

TABLE I. GENERAL BILL.

Marriages 93-

B 1 rt h s
|

f
Males

[Females IJfJsj
6 -

De ath sj
r Males

[Females gw
. - .-ft ..

,
.

TABLE II. MONTHS.
Total Deaths. Small Pox.

January, - - - - 39 - - - - 4
February, - - - ’ 34 - - - - 4
March, - - - - 48 - " - - 13
April, - - - - 52 - - - “ 23
May, - - - ‘ 8 3

- ‘ " - 63
June, - - - - " 7 1 - ' - ‘ 49
July, - - - - 49 - - * - 33
Auguft, - - - - 27 - - - - 1

1

September, - - 20 “ - - " 7
October, - - «- - 14 - - - - 3
November, - - - - 6

December, - - ‘ “ 3°
- - - - 1

21 I

TAB L E

473
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TABLE III. DISEASES.
Aged *

* Afthma - - -

- • am

3 2

Cafualties -

Childbed -

Chincough -

Confumption under 14

H ^ 45 - .
’

n ...ir

- 24

36

3

5

5
16

|
96

Convul lions -

Dropfy -

Fever -

• - 1

*
34
IS

Inflammation of the Bowels SB

*5
2

Meafles - m 1

Mortification - - 1

Palfy .... - -
7

Quinfey - - - 1

Scrophulous Swelling - - z

Small rox - - 2 z 1

Soon after Birth * 6
Suddenly - - 6
Teething - - -

7Worm Fever - » 10
Unknown m as 1

473

Lll 2 TABLE
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XLIV. Of thefilling of Waves hy means

of Oil. ExtraSled fromfundry Eetters

between Benjamin, Franklin, LL. D .

F. R. S. William Brownrigg, M. D.
F. R. S . and the Reverend Mr. Farifh.

Extra# of a Letter from Dodtor brownrigg to

Dr. franklin, dated Ormathwait, January 27,

J 773*

Redde, June
| j Y the enclofed from an old friend, a

2 > 1 7 74* worthy clergyman at Carlifle, whofe

great learning and extenfive knowledge in moft fci-

ences would have more diftinguifhed him, had he

been placed in a more confpicuous point of view,

you will find that he had heard of your experi-

ment on Derwent Lake, and has thrown together

what he could collect on that fubjedl ; to which I

have fubjoined one experiment from the relation of

another Gentleman.

Extra# of aLetterfrom the Reverend Mr. farish,
to Dr. BROWNRIGG.

I fome time ago met with Mr. Dun, who fur-

prifed me with an account of an experiment you

had tried upon the Derwent water, in company with

Sir
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Sir John pringle and Dr. franklin. According

to his reprefentation, the water, which had been in

great agitation before, was inftantly calmed, upon

pouring in only a very fmall quantity of oil, and that

to fo great a diftance round the boat as feems a little

incredible. I have lince had the fame accounts from

others, but I fufpedt all of a little exaggeration.

pliny mentions this property of oil as known parti-

cularly to the divers, who made ufe of it in his days,

in order to have a more fteady light at the bottom(rf).

The Tailors, I have been told, have obferved fome-

thing of the fame kind in our days, that the water

is always remarkably fmoother in the wake of a £hip

that hath been newly tallowed, than it is in one that

is foul.— Mr. pennant alfo mentions an obferva-

tion of the like nature made by the feal catchers in

Scotland. Brit. Zool. Vol. iv. Article seal. When
thefe animals are devouring a very oily fifh, which

they always do under water, the waves above are

obferved to be remarkably fmooth, and by this mark

the filhermen know where to look for them. — Old

pliny does not ufually meet with all the credit I am
inclined to think he deferves. I fhall be glad to have an

authentic account of the Kefwick experiment, and if

Note by Dr. brownrigg.

(a) Sir gilfred lawson, who ferved long in the army at

Gibraltar, allures me that the fifhermen in that place are ac-

cuftomed to pour a little oil on the
-

fea, in order to ftill its motion,

that they may be enabled to fee the oyfters lying at its bottom ;

which are there very large, and which they take up with a pro-

per inftrument. This Sir gilfred had often feen there per-

formed, and faid the fame was pra&ifed on other parts of the

Spanifh coaft.

it
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ft comes up to the reprefentations that have been

made of it, I £hall not much hefitate to believe the

old Gentleman in another more wonderful pheno-

menon, he relates, of hilling a temped; only by

throwing up a little vinegar into the air.

Extra# of a Letter to Dodlor brown rigg from

Do#Or FRANKLIN.

London, Nov. 7, 1773.

DEAR SIR’,,

I thank you for the remarks of your learned

friend at Carlille.— 1 had, when a youth, read and

fjniled at pliny’s account of a practice among the

Teamen of his time, to hill the waves in a florm by

pouring oil into the fea ; which he mentions, as well

as the ufe made of oil by the divers ;
but the ftiiling

a tem-peft by throwing vinegar into the air had efcaped

me. I think with your friend, that it has been of late too.

much the mode to flight the learning of the antients.

The learned, too, are apt to flight too much the

knowledge of the vulgar. The cooling by evapora-

tion was long an inflanceof the latter. This art of

fmoothing the waves with oil, is an inlfance of both.

Perhaps you may not diftike to have an account

of all 1 have heard, and learnt, and done in this

way. Take it if you pleafe as follows.

In 1757, being at fea in a fleet of 96 fail bound
againfl Louifoourg, I obferved the wakes of two of

the fhips to be remarkably fmootb, while all the

others were, ruffled by the wind, which blew frelh.

Being puzzled with the differing appearance, I at 1 aft
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pointed it out to our captain, and afked him the
meaning of it ? “ The cooks, fays he, have, I fuppofe,

been juft emptying their greafy water through the

lcuppers, which has greafed the fides of thofe (hips

a little j” and this anfwer he gave me with an air of
fome little contempt, as to a perfon ignorant of what
every body elfe knew. In my own mind I at firft

flighted his folution, tho’ I was not able to think of
another. But recollecting what I had formerly read

in pliny, I refolved to make fome experiment of

the effedf of oil on water, when I thould have op-

portunity.

Afterwards being again at fea in 1762, I firft ob-

ferved the wonderful quietnefs of oil on agitated

water, in the fwinging glafs lamp I made to hang up
in the cabin, as deferibed in my printed papers, page

43 8 of the fourth edition.— This I was continually

looking at and confidering, as an appearance to me
inexplicable. An old fea captain, then a paffenger

with me, thought little of it, fuppofing it an efteCt

of the fame kind with that of oil put on water to

fmooth it, which he faid was a practice of the Ber-
mudians when they would ftrike fifh, which they

could not fee, if the furface of the water was ruffled

by the wind. This practice I had never before heard

of, and was obliged to him for the information ; tho’

I thought him miftaken as to the famenels of the

experiment, the operations being different ; as well

as the effects. In one cafe, the water is fmooth till

the oil is put on, and then becomes agitated. In

the other it is agitated before the oil is applied, and

then becomes fmooth.— The fame gentleman told

me, he had heard it was a practice with the fflher-

1 , , men
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men of Lisbon when about to return into the river,

{if they faw before them too great a furf upon the

bar, which they apprehended might fill their boats

in pafling) to empty a bottle or two of oil into the

fea, which would fupprefs the breakers, and allow

them to pafs fafely : a confirmation of this I have

not fince had an opportunity of obtaining. But dif-

courfing of it with another perfon, who had often

been in the Mediterranean, I was informed that the

divers there, who, when under water in their bufinefs,

need light, which the curling of the furface inter-

rupts by the refractions of fo many little waves,

let a fmall quantity of oil now and then out of their

mouths, which riling to the furface fmooths it, and

permits the light to come down to them.— All thefe

informations I at times revolved in my mind, and

wondered to find no mention of them in our books

of experimental philofophy.

At length being at clapham where there is, on
the common, a large pond, which I obferved to be

one day very rough with the wind, I fetched out a

cruet of oil, and dropt a little of it on the water. I

faw it fpread itfelf with furprizing fwiftnefs upon the

furface ; but the effedt of fmoothing the waves was not

produced j for I had applied it firft on the leeward

fide of the pond, where the waves were largeft, and
the wind drove my oil back upon the fhore, 1 then

went to the windward fide, where they began to

form ; and there the oil, though not more than a tea

fpoonfu), produced an inftant calm over a fpace fevtral

yards fquare, which fpread amazingly, and extend-

ed itfelf gradually till it reached the lee fide, making
all that quarter of the pond, perhaps half an acre,

as fmooth as a looking- glafs.

Vol. LXIV. M m m Afte
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After this, I contrived to take with me, whenever
I went into the country, a little oil in the upper hol-

low joint of my bamboo cane, with which I might
repeat the experiment as opportunity fhould offer j

and I found it conifantly to lucceed.

In thefe experiments, one circumflance ftruck me
with particular furprize. This was the fudden, wide,

and forcible fpreading of a drop of oil on the face of

the water, which I do not know that any body has

hitherto confidered.. If a drop of oil is put on a

polifhed marble table, or on a looking-glals that lies

horizontally ; the drop remains in its place, fpread-

ing very little. But when put on water it lpreads

ioifamly many feet round, becoming fo thin as to

produce the prifmatic colours, for a conliderable fpace,

and beyond them fo much thinner as to be invilibie,

except in its effect of fmoothing the waves at a much
greater diflance. It feems as if a mutual rep.ulfion

between its particles took place as foon as it touched

the water, and a repuliion lo ftrong as to aft on other

bodies fwimming on the furface,. as draws, leaves,

chips, &c. forcing them to recede every way from

the drop, as from 'a center, leaving a large clear fpace.

The quantity of this force, and the diflance to which

it will operate, I have not yet afeertained ; but I think

it a curious enquiry, and I wifh to underhand whence

it ariles.

In our journey to the north, when we had the plea-

fure of feeing you at Ormathwaite, we vifited the cele-

brated Mr. smeaton near Leeds. Being about to

fhew him the fmoothing experiment on a little pond

near his houfe, an ingenious pupil of his, Mr. JefTop,

then prefent, told us of an odd appearance on that pond,

2 which
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which had lately occurred to him. He was about to

clean a little cup in which he kept oil, and he threw

upon the water fome flies that had been drowned in

theoil. Thefe flies prefently began to move, and turn-

ed round on the water very rapidly, as if they were

vigoroufly alive, though on examination he found

they were not fo. 1 immediately concluded that the

motion was occafloned by the power of the repulflon '

abovementioned, and that the oil ifluing gradually

from the fpungy body of the fly continued the mo-
tion. He found fome more flies drowned in oil,

with which the experiment was repeated before us.

To (hew that it was not any eflfedd of life recovered

by the flies, 1 imitated it by little bits of oiled chips

and paper cut in the form of a comma, of the lize of a

common fly ; when the Arearn of repelling particles

ifluing from the point, made the comma turn round
the contrary way. This is not a chamber experiment

;

for it cannot well be repeated in a bowl or difh of

water on a table. A confiderable furface of water is

neceffary to give room for the expan fion of a fmall

quantity of oil. In a difh of water, if the fmalleft

drop of oil be let fall in the middle, the whole fur-

face is prefently covered with a thin greafy film pro-

ceeding from the drop
j but as foon as that film has

reached the fides of the difh, no more will ifluefrom

the drop, but it remains in the form of oil, the fides

of the difh putting a flop to its diffipation by pro-

hibiting the farther expanfion of the film.

Our friend Sir John pringle being foon after in

Scotland, learnt there, that thofe employed in the

herring fifhery, could at a diftance fee where the

fhoals of herrings were, by the fmoothnefs of the

M m m 2 water
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water over them, which might poffibly be occafior?-

ed, he thought, by fome oilinefs proceeding from
their bodies.

A gentleman from Rhode-iiland told me, it had
been remarked that the harbour of Newport was
ever fmooth while any whaling veffels were in it

;

.which probably arofe from hence, that the blubber

which they fometimes bring loofe in the hold, or the

leakage of their barrels, might afford fome oil, to

mix with that water, which from time to time they

pump out to keep the veffel free, and that fame oil

might fpread over the furface of the water in the

harbour, and prevent the forming of any waves.

This prevention I would thus endeavour to explain-

There feems to be no natural repulfion between

water and air, fuch as to keep them from coming
into contact with each other. Hence we find a

quantity of air in water ; and if we extract it by

means of the air-pump, the fame water again ex-

pofed to the air, will foon imbibe an equal quantity.

Therefore air in motion, which is wind, in paffing

over the fmooth furface of water, may rub, as it

were, upon that furface, and raife it into wrinkles,

which, if the wind continues, are the elements of

future waves.

The fmalieft wave once raifed does not immedi-

ately fubfide, and leave the neighbouring water

quiet: but in fubfiding raifes nearly as much of the

water next to it, the friction of the parts making lit-

tle difference. Thus a ftone dropt in a pool raifes

firft a fingle wave round itfelf ;
and leaves it, by

finking to the bottom ; but that firft wave fubfiding

raifes a fecond, the fecond a third, and fo on in circles

to a great extent, 7
A final I



t +53 ]

A fmall power continually operating will produce

a great afiion. A finger applied to a weighty fuf-

pended bell, can at firft move it but little ; if re-

peatedly applied, though with no greater flrength,

the motion increafes till the bell fwings to its utmoft

height, and with a force that cannot be refilled by the

whole flrength of the arm and body. Thus the

fmall firfl-raifed waves, being continually a<?:ed up-

on by the wind, are, though the wind does not in-

crease in flrength, continually increafed in magni-

tude, rifing higher and extending their bafes, fo as

to include a vafl mafs of water in each wave, which

in its motion a&s with great violence.

But if there be a mutual repulfion between the

particles of oil, and no attradlion between oil and

water, oil dropt on water will not be held together

by adhefion to the fpot whereon it falls ;
it will not

be imbibed by the water ;
it will be at liberty to ex-

pand itielf ; and it will fpread on a furface that, be-

lides being fmooth to the mofl perfect degree of

polilh, prevents, perhaps by repelling the oil, all im-

mediate contact, keeping it at a minute diflance from

itfelf 3
and the expanfion will continue, till the mu-

tual repulfion between the particles of the oil is

weakened and reduced to nothing by their diflance.

Now I imagine that the wind blowing over water

thus covered with a film of oil, cannot eafily catch

upon it, fo as to raile the firft wrinkles, but Aides

over it, and leaves it fmooth as it finds it. It moves

a Jittle the oil indeed, which, being between it and

the water, ferves it to Aide with, and prevents fridtion,

as oil does between thofe parts of a machine, that

would othenvife rub hard together. Hence the

oil
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oil dropt on the windward fide of a pond proceeds

gradually to leeward, as mavbefeen by the fmooth-
nefs it carries with it, quite to the oppofite fide.

For the wind being thus prevented from raifing the

firft wrinkles that I call the elements of waves, cannot

produce waves, which are to be made by continual-

ly adting upon and enlarging tbofe elements, and thus

the whole pond is calmed.

Totally therefore we might fupprefs the waves in

any required place, if we could come at the wind-

ward place where they take their rife. This in the

ocean can feldom if ever be done. But perhaps

fomething may be done on particular occafions, to

moderate the violence of the waves, when we are

in the midit of them, and prevent their breaking,

where that would be inconvenient.

For when the wind blows frelh, there are con-

tinually riling on the back of every great wave, a

number of lmall ones, which roughen its furface,

and give the wind hold, as it were, to pufh it with

greater force. This hold is diminifhed by prevent-

ing the generation of thofe final l ones. And pof-

fibly too, when a wave’s furface is oiled, the wind,

in palling over it, may rather in fome degree prefs

it down, and contribute to prevent its riling again,

inftead of promoting it.

This as mere conjecture would have little weight,

if the apparent effects of pouring oil into the midft

of waves were not confiderable, and as yet not

otherwife accounted for.

When the wind blows fo frefh, as that the waves

are not fufficiently quick in obeying its impulfe, their

-tops being thinner and lighter are pufhed forward,

broken,
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broken, and turned over in a white foam. Com-
mon waves lift aveffel, without entering it

;
but thefe

when large fometimes break above and pour over it,

doing great damage.

That this effect might in any degree he prevent-

ed, or the height and violence of waves in the fea

moderated, we had no certain account; pliny’s-

authority for the practice of fea men in his time being

ilighted. But dilcourfing lately on this fubjedt with

his excellency Count ben tin ck of Holland, his fon

the honourable Captain bentinck, and the learn-

ed profeffor allemand, (to all whom I (hewed

the experiment of fmoothing in a windy day the

large piece of water at the head of the Green Park
j)

a letter was mentioned which had been received by

the Count from Batavia, relative to the faving of a

Dutch fhip in a ftorna, by pouring oil into the fea.

.

I much defired to fee that letter, and a copy or it .

was promifed me, which I afterward received (bJ .

i

(b) Extrait d’une Lettre de Mr. TENGNAGEL a Mr. !e Corate de
bentinck, eciite de Batavia le 15 Janvier, 1770.

Pres des ifles Paulus Si Amlierdam nous effuiames un orage, qui

n’eut rien d’aflez particulier pour vous etre marque, fi non que
notre capitaine fe trouva oblige en tournant lous le vent, de

veifer de l’huile contre la haute iner, pour empecher les vagues de

fe brifer contre le navire, ce qui reuffit a nous conferver, & a e e

d’un tres bon effet : comme il n’en vtrfa qu’une petite quantite

a !a fois, la compagnie doit peut-etre fon vaifleau a. fix demi
aumes d’huile d’olive

:
j’ai ete prefent quand cela s’eft fait, & je

ne vous aurois pas entretenu de cette circonftance, fi ce n’etoit

que nous avons trouve les gens ici fi prevenus contre l’experience,

que les officiers du bord ni moi n’avons fait aucune difficulte de
donner un certificat de la verite fur ce chapitre.

Extraff
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44 Extract of a Letter from Mr, tengnacel to
44 Count bentinck, dated at Batavia the 5th
44 of January 1770.

44 Near the iflands Paul and Amfterdam, we met
44 with a dorm, which had nothing particular in it

44 worthy of being communicated to you, except

“ that the captain found himfelf obliged, for great-
44 er fafety in wearing the fhip, to pour oil into the

“ lea, to prevent the waves breaking over her, which
“ had an excellent effeCt, and fucceeded in prelerv-
44 ing us.— As he poured out but a little at a time,
44 the Eaft India company owes perhaps its fhip to

44 only fix demi-aumes of oil -olive. I was prefect
44 upon deck when this was done ;

and I fhould not
44 have mentioned this circumftance to you, but that
44 we have found people here fo prejudiced againft
44 the experiment, as to make it neceffary for the
44

officers on board and myfelf to give a certificate of
44 the truth on this head, of which we made no
44 difficulty.”

Ontbisoccafion, I mentioned toCaptain bentinck,
a thought which had occurred do me in reading the

voyages of our late circumnavigators, particularly

where accounts are given of pleafant and fertile

iilands which they much defired to land upon, when
licknefs made it more neceffary, but could not ef-

ledt a landing through a violent furf breaking on

the fhore, which rendered it impracticable. My
idea was, that poffi.bly by falling to and fro at fome

dilfance from luch lee fhore, continually pouring oil

into
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into the Tea, the waves might be To much depreffed

and leffened before they reached the fhore as to abate

the height and violence of the furff, and permit a

landings which, in fuch circumftances, was a point

of fufficient importance to juibify the expence of the

oil that might be requifite for the purpofe. That
•gentleman, who is ever ready to promote what may
be of public utility, though his own ingenious .in-

ventions have not always met with the countenance

they merited, was fo obliging as to invite me
to Portfmouth, where an opportunity would pro-

bably offer, in the courfe of a few days, of making

the experiment on fome of the fhores about Spit-

head, in which he kindly propofed to accompany

me, and to give affiftance with fuch boats as might

be neceffary. Accordingly, about the middle of

October laff, I went with fome friends to Ports-
mouth ; and a day of wind happening, which made
a lee-fhore between haslar hospital and thePoint

near jillkecker, we went from the Centaur with

the long-boat and barge towards that fhore. Our
difpofition Was this : the long-boat was anchored

about a quarter of a mile from the fhore
;

part of

the company were landed behind the Point (a place

more fheltered from the fea) who came round and

placed themfelves oppofite to the long-boat, where

they nvight obferve the furff, and note if any change

occurred in it, upon ufing the oil. Another party,

in the barge, plyed to windward of the long-boat,

as far from her as fhe was from the fhore, making
trips of about half a mile each, pouring oil con-

tinually out of a large done-bottle, through a hole

in the cork, fomewhat bigger than a goofe-quilh

Vol. LXIVh N n n The



•

[ 458 ]

The experiment had not, in the main point, the

fuccefs we wifhed, for no material difference was
obferved in the height or force of the furff upon the

fllore ; but thofe who were in the long-boat could

obferve a tradt of fmoothed water, the whole length

of the difcance in which the barge poured the oi!>

and gradually fpreading in breadth towards the long-

boat. I call it fmoothed, not that it was laid level

;

but becaufe, though the fwell continued, its furface'

was not roughened by the wrinkles, or fmaller waves,

before-mentioned ; and none, or very few white-

caps (or waves whofe tops turn over in foam) ap-

peared in that whole fpace, though to windward
and leeward of it there were plenty

; and a wherry,

that came round the point under fail, in her way to

Portfmouth, feemed to turn into that tra6t of choice,

and to ufe it from end to end, as a piece of turn-

pike- road.

It may be of ufe to relate the circumftances even

of an experiment that does not fucceed, lince they

may give hints of amendment in future trials : it is

therefore I have been thus particular. I fhall only

add what I apprehend may have been the reafon of

our dilappointment.

I conceive, that the operation of oil on water is,

firft, to prevent the railing of new waves by the

wind ; and, fecondly, to prevent its pufhing thofe

before raifed with fuch force, and confequently their

continuance of the fame repeated height, as they

would have done, if their furface were not oiled.

But oil will not prevent waves being raifed by another

power, by a hone, for inftance, falling into a ftill

pool y for they then rife by the mechanical impulfe



[ 459 ]

of the ftone, which the greafmefs on the fur-

rounding water cannot lefien or prevent, as it can

prevent the winds catching the furface and raifing it

into waves. Now waves once raifed, whether by
the wind or any other power, have the fame me-
chanical operation, by which they continue to rife

and fall, as a pendulum will continue to fwing, a

long time after the force ceafes to aft by which the

motion was firft produced : that motion will, how-
ever, ceafe in time ; but time is necefiary. There-

fore, though oil fpread on an agitated fea, may
weaken the pufh of the wind on thofe waves whole
furfaces are covered by it, and fo, by receiving lefs

frelh impulfe, they may gradually fubfide; yet a

confiderable time, or a diftance through which they

will take time to move, may be necelfary to make
the effeft fenfible on any fhore in a diminution of

the furff; for we know, that when wind ceafes

fuddenly, the waves it has raifed do not as fuddenly

fubfide, but fettle gradually, and are not quite down
till long after the wind has ceafed. So though we
fhould, by oiling them, take off the effect of wind
on waves already raifed, it is not to be expected that

thofe waves fhould be inflantly levelled. The mo-
tion they have received will, for fome time, con-

tinue ; and, if the fhore is not far diftant, they

arrive there fo foon, that their efFeft upon it will not

be vifibly diminilhed. Poffibly, therefore, if we
had begun our operations at a greater diftance, the

effedf might have been more fenfible. And per-

haps we did not pour oil in fufticient quantity. Fu-
ture experiments may determine this.

N n n 2 I was*
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I was, however, greatly obliged to Captain ben-
tinck, for the chearful and ready aids he gave me:
and I ought not to omit mentioning Mr. banks,
Dr. solander, General carnac, and Dr. blag-
den, who all affifted at the experiment, during that

bluftring unpleafant day, with a patience and a&ivity

that could only be infpired by a zeal for the improve-

ment of knowledge, fuch efpecially as might pcf-

fibly be of ufe to men in fituations of diftrefs.

I would wifh you to communicate this to your

ingenious friend, Mr. farish, with my refpe&sj

and believe me to be, with fincere efteem,

DEAR SIR,

Your mod obedient humble fervant,

B. FRANKLIN.

XLV. cTr(inflation
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XLV. Tranflation of a Letter from M,
de Stehlin, Counfellor of State to her

Imperial Majefiy of Ruffia, to Dr*.

Maty, with a Specimen of native Iron.

.

Redcte, June g, S a teftimony of my attachment to

firft tribute I owe her, I have the honour to tranftnit

herewith two real novelties, which I think worthy

of her notice.

vered a few years ago by the Ruffians, in the N.E.
beyond Kamtfhatka.

The fecond is a piece of raw and native iron ; of

which Mr. pallas, one of our academicians, who
has thefe five years been employed in making re-

fearches in natural hiftory, in the provinces of the

Ruffian empire, has difcovered 1 aft year a hillock or

mafs, weighing fifty puds (the pud -con lifting of forty

Ruffiaji pounds) in Siberia, in the mountains called

nemir, between the rivulets Ubec andSifim, which

fall into the river jentsei, fcarce one hundred fa-

thoms from a rich mine of loadftone or iron

(a) See the article in the Peterfburg Gazette,

SIR,.

the Royal Society, and as the:

The firft is, a new map , and my preliminary de-

feription, of anew Archipelago in the North, ,difeo-

2 YOU:
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You know, sir, that the exigence of raw or

native iron has hitherto been doubted
; but I fhould

almofl: think, that this difcovery determines the

queflion ; efpecialiy if it is confidered, that in the

whole diftridt where this mafs has been found-, there

is not the lead: trace extant of any ancient forge, nor

any place that might leave room to fufpedt that there

had been, in former times, any works of iron ore,

which had been melted, and afterwards abandoned

to that mafs.

Should any doubt remain concerning the exiftence

of the native iron, and the authenticity of this dif-

covery, I fhould rather fuppofe that, many ages ago,

there might have been a Volcano , which by melting

the iron ore had formed the above mafs, to which
might afterwards have been joined the little hya-

cinthine fpars and other (tones which are now mixed
with it;

Tranflation of an Article in the Peterfburg Gazette

of Sept. 6, 1773.

64 The academy experts from Siberia a black mafs

weighing about forty puds W, of raw or native, foft

and flexible iron, which the academician pallas
has difcovered during his refidence in the neigh-

bourhood of the river jENiSEi. This very remarkable

and huge lump is of a fpungy texture, of the mod:

perfedt and malleable iron, whofe cavities are clofely

filled with fmall polifhed pieces of hyacinthine fpar,

fome round, fome with flat furfaces, and all of the

colour of trajifparent amber.

(
b
) The mafs, in its prefent ftate, weighs 152 Ruffian pounds.

The
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The mafs (of which fome confiderable pieces

have already been received) is rufty only on the

furface; but the interior has been preferved by a

kind of black varnilh that is fpread all over the

iron, which is of an irregular form blunted at the

corners.

This iron may be bent and hammered when;cold,

artd, when moderately heated, may be fhaped into

nails and other tools; but, in a violent heat, and
efpecially if in order to feparate it from the fparry

particles it is thrown into fmelting ovens, it becomes

brittle, granulated, and will' not join again in the

forge.

This mafs was found lying on the furface, at

the top of a high woody eminence, not far from the

mountains called, by the Tartars, nemir, between

the two rivulets Ubei and Sifim, which fall from the

right into the jenisei, a little below Abakanlkoi

Oftrog, and fcarce ioo fathom from a rich mine of

hard ore of loadftone..

The appearance and' nature of this mafs,. and
the qualities of the iron, of which it chiefly com-

lifts, are fo decifive, that it cannot be doubted but

that it has been thus produced by Nature ; and if fa,

the exiftence of native iron; which has hitherto been

queftioned, is eflablifhed beyond all contradiction;,

efpecially if it be conlidered, that no trace of any

old iron work, of which there are. many in the Si-

berian mountains, is to be met with in the defart

where the mafs was found p and that the mine above-

mentioned was not opened . before the year 1752,
when the miners,, who were there employed, flrfl

difcovered this mafs of iron fince which time no
further notice had been taken of it.

xlvi: of
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XLVI. Of Torpedo5 found 011 the Coaft of

England. hi a Letter from John
Walfh, Efq; F. R. S, to Thomas Pen-

nant, jEffy F. R. S.

Chefterfkld-ftreet, June 23, 1774.

DEAR SIR,

Redde,junc
g ^ O the Author of the Britiffi Zoo-

17 /v
j|_ logy it will, I am perfuaded, be

no unwelcome information, that the Torpedo, or

Ele&ric Ray, frequents the fhores of this ifland,

contrary to a received opinion among Naturalifts,

who have in general confidered it as an inhabitant

only of warmer climates.

In confequence of inquiries I had fet on foot in

Lome of our fouthern fiffiing ports, two Torpedos,

taken in Torbay, one in the beginning of Auguft,

and the other in the beginning of November, laft

year, have been actually fent up to this metropolis.

The firft, procured for me by the good offices of

Mr. Amyatt, Apothecary in Berkeley Square, arrived

during my abfence ; but it was examined, and the

eledtrical organs were fuccefsfully injected, by Mr.

John Hunter. The fecond, forwarded to me by

Mr. Grant, a principal Fifhmonger in the Land-
carriage branch, then at Brixham, came up very

frefh and perfect, in one of his ffih-machines. This

I weighed

»
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I weighed and meafured before it was touched by

the differing knife, and found it to weigh fifty-

three pounds avoirdupois, and to meafure four feet

in length, two feet and a half in its extreme breadth,

and four inches and a half in its extreme thicknefs.

The largefl Torpedo I met with in the neigh-

bourhood of la Rochelle, where upwards of fe-

venty paffed through my hands, weighed little more
than ten pounds, and meafured not quite two feet in

length, nor quite fixteen inches in breadth: and the

largefl I have read of is that mentioned by Rhedi to

Lorenzini (
a

\ weighing twenty-four pounds, with-

out doubt of Leghorn, which make about eighteen

avoirdupois. Though this Mediterranean Torpedo
has been ever confidered as of an extraordinary fize,

it is exceeded in weight nearly three to one by our

enormous Britifh Torpedo.

The back of it was of a dark afh-colour, with

fomewhat of a purple cad, but not at all motled like

thofe of the Atlantic Coafl of France, nor regularly

marked with eyes, as they have been called, like

feme found in the Mediterranean. Its under part

was white, fkirted however with the fame afh-

colour, which towards its tail became almofl uni-

verlal. The fide fins being a little contracted and
curled up, prevented the precife meafurement of its

breadth, but it appeared to hold the general propor-

tion obferved in thofe of la Rochelle
; that is, the

breadth was two- thirds of the length W. Its eleCtric

(

n

)
Lorenz. Off. intor. a!!e Torp. p. 4.

(
b
)
The breadth of the Ray-Torpedo of Brazil is, accrding

to Marcgrave, juft one-third of the length, falling in with the

proportion of the Squatino-Raia. See Marcg. Lib. tv. Cap. 6.

VouLXlV. O 0 0 organs
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organs likewife were proportionate with theirs, each
organ meafuring fifteen inches in extreme length,

and eight in extreme breadth. In fhort, the Tor-
pedo of Torbay no way differed from thofe I faw in

the Bay of Bifcay but in fize and colour; and per-

haps this difference may be thought rather calual

than denoting a fpecific diftindtion.

It was a female, without any figns of preg-

nancy. The inteftines contained, with fome black

flime, two vertebres of a fifh, feemingly of the

cod kind. The electrical organs of this Torpedo
were likewife injedted by Mr. Hunter, though not

with his firlf fuccefs, from the burfting of the artery

in the operation ; he determined, however, the num-
ber of columns in one organ to amount to 1182,

and fully confirmed the obfervation he formerly

made, that their numerous horizontal partitions were

very vafcular.

Shall I take notice that the reft of this fifh was

dreffed and brought to table, and that fome of my
friends fuffered a little for their curiofity in tailing it ?

Rondelet fpeaks unfavourably of the Torpedo as food

;

and tells us, that at Venice the PrefeCt of Health

forbids it to be fold in the market. But to deem it

wholefome diet, we have the fandtion of Hippocrates

as well as Galen ; and if forbid at Venice when
Rondelet was there, in the markets of France I

know it to be fold. The truth is, that the eledtrical

organs, which make one half of the animal, are,

though wholefome to be eaten, an infipid mucilage *

but its mufcular part is, at leaff, as palatable as the

ffefh of the other Rays : among thefe the old and

overgrown are ever in little requeft. Our Torpedo
was

7
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was doubtlefs fuch ; and we muft befide confefs

that, as a rarity, it had been kept too long.

The firft Torpedo was not weighed ; but Mr.
Hunter, who examined both, allured me, that they

appeared to him equal in fize, and alike in every

other relpedtj indeed their eledtrical organs, pre-

ferved to this hour, fhew them to have been of the

fame magnitude. The firft was a female likewife,

and not pregnant.

The following accounts were received from Brix-

ham, concerning Torpedos_found in that quarter.

From Mr. Philip Lyde, Surgeon at Brixham, who
forwarded the firft, on the 4th of Auguft, 1773.

6C
I fend a Torpedo, or Numb-fifh, which had,

tc when living, the greateft effedt, as I am informed
“ by the men who caught it. There have been
<f three taken this week. The one fent feems to be
fi of the largeft fize.”

In an earlier account, dated the 23d June, it

is mentioned that one or two are

week.

From Mr. Grant, filhmonger, who fent the iecond

Torpedo, on the 3d November, 17 73.
“ The Torpedo, of Numb-fifh, is by no means

“ plenty in thefe parts, as it rarely happens that

“ more than one is taken at a time ; nor can the

“ proper feafon for catching them be afcertained, as

“ they have been feen at all times of the year. The
“ ufual depth of water in which they are caught is

tc from thirty-fix to forty fathom ; and being of the
tc Ray kind, they are commonly taken with them.
<c As to the time when their young are to be feen, no
ie fatisfadfory information can be obtained ; but it is

O o o 2 “ imagined

caught there every
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imagined that the feafon for them and the Rays is

“ the fame. Their numbing quality is pretty ftrong
“ through the net, though much weaker than when
“ they are taken out. The general name by which
“ they are known here, is the Numb or Cramp-fifth
“ Few or no fmall Torpedos are to be met with in
“ thefe parts, thofe hitherto caught being from ten
“ to fixty, feventy, and eighty pounds weight

;

" which may probably proceed from the young
sc being thrown away promifcuoufly with other offal

v fifh.”

At la Rochelle, during the intire month of July,

mod of the larger female Torpedos, being thofe frona

fifteen inches to two feet in length, were found with

an uncertain number of eggs in their matrices, the

larged females appearing to have the greateft num-
ber. The eggs of the fame female differed little

from each other as to forward nefs j nor did the eggs

of one female differ much from thofe of another 1

the embryo in all was but little advanced.. A letter

from Mr Saunier of la Rochelle, written about fix

weeks after I had left that place-, informed me,
that on the roth September, he opened a very large

Torpedo of about two feet and a quarter by one

and a half, and difcovered floating in the left matrice

nine fetufes quite formed, near two inches long, and

didindt from them nine eggs in no date of forward-

nefs ; and that in the right matrice he met with

four fuch fetufes and nine fuch eggs. The obfer-

vation, therefore-, of Aridotle, that the Torpedo
brings forth at the autumnal equinox, is well founded,

notwithstanding Lorenzini has quedioned thefadl.

From the remarkable luperfetatioa in this indance,,

w.%niaj betides. infer, that ihe Torpedo, agreeably

t
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to Aridotle’s information, concerning the cartilagi-

nous fifli in genera], goes with young near fix months;

as the eggs here found feem, from their being To

Itttle advanced in fo late a time of the year, to be

dedined for the fpring- brood. Lorenzini’s difie&ions

of female Torpedos big with eggs in February and

March, and- of others without any in April, fhew

that they produce about the vernal as well as au-

tumnal equinox. This was confirmed by the many
young Torpedos we met with in the month of July,

from four and a half to fix inches long, which were

evidently the offspring of that year. Among thefe,

however, was one, taken on the 4th July, weighing

one ounce, and meafuring four inches and a half

by three, which had flill its native yolk, unconfirmed

in its abdomen. By this circumdance it appears,,

that there may be a production likewife at Mid-
fummer ; but our general obfervations led us to con-

clude, that it principally takes place at the two equi-

noxes. I have dwelt the longer on the feafon in

which foreign Torpedos bring, forth, as we are yet

entirely ignorant on, that point with regard to thofe of

our colder climate, and as this knowledge may, in

fome degree, affift us in knowing when and where

to look for the animal. Mod fith,, we are told, ap-

proach the fhore in the fummer feafon;, and the

Torpedo will doubtlefs then, in qued of food, and'

of a warmer element, both for itfelf and for its

young,, haunt the fhoal water. In the cold and tem-
peduous part of the year, we fhall probably find it

in a deeper fea, which then affords it the more mild;

and dill retreat.

My learned friend Dr. George Baker has procured

for me a drawing, and fome account of a Torpedo,,

/ ' teakem
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taken about five years fince in Mount’s Bay in Corn-
wall. The particulars, as they were lately collected

by Mr. Scobell of Penzance, from the fifherman

who took it, are thefe: “ that he judged it on me-
“Jmory to have weighed about forty pounds, and to

“ have been about three feet long and two and a half
“ broad

; that its fkin was fmcoth like an eel, dark-
“ brown on the back, and white underneath ;

and
“ that it had been caught with a large hook, in the
** month of March, on fandy ground.”

For the fake of Oppian’s fine defcription of the

capture of the Torpedo, which Claudian has elegantly

paraphrafed, and which you, flruck with the paffage,

have rendered in Englifh metre, I am glad the Tor-
pedo is found to take the hook. That defcription,

though thought to have been fabulous, proves to be no
lefsjuft in each circumftance, than, as it was always

confeffed to be, poetically beautiful in the whole.

But to catch with the greateft fuccefsthe Torpedo,

as well as other flat fifh, which keep near the

ground, the trawl, or drag-net, muff be ufed. This

kind of fifhing is much praftifed in Torbay; but in

Mount’s Bay, as I am informed, not yet adopted ;

which may be the chief reafon why the Torpedo has

but feldom been taken at the one, and fo very fre-

quently at the other place.

I had an opportunity laft autumn of making a

fhort vifit to Dungarvan in Ireland, where Smith in

his Hiftory of Waterford, as you have remarked, men-
tions a Torpedo of fix or eight pounds to have been

found about thirty years fince. The fifhery there,

which is very confiderable, is whofly carried on

with hook and line, and the fifhermen were entire

Grangers to the Torpedo. But at Ring, a fifhing

village
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village in the neighbourhood, furnifhing about four-

teen or fifteen fmall veffels, with which they prac-

tife pole-trawling, the fifhermen were acquainted

with it. They told me, that they fome times caught

one or two in a year, and fometimes none fof two

or three years ;
that they had taken two that year,

and one the year preceding ; that thefe were about

eighteen inches long, and fourteen broad, and were

caught a league off fhore j that the fifh benumbs

thofe who touch it, and that they had been be-

numbed by it 3 and that its name in Irifh is

Aunghelldw. From this name it might feem that they

confounded it with the Angel-fifh : but by their

defeription, both of the animal and its effects, it was

plain they knew and meant the Torpedo.

To prove the eledrical effed of the animal, the

curious fhould be informed, not only where to find,

but how beft to preferve it alive. The Eledric Ray is

fo far amphibious as to exift in air twenty-four

hours : in frefh water it furvives but little longer.

Weli-boats kept in fait water, and not put into

much motion, may beft fuit it : In refervoirs on fhore,

which on fea-coafts are not unfrequent, it will be

fubjed to be annoyed, notwithflanding its elec~

trical armour, by the Sea-leach and the common
Sea-crab. A commodious well-boat we experienced

might foon be made from a fmall flat-bottomed boat,

termed by the French PouJJe-pied-, which, parti-

tioned with laths into three or four chambers, and
fecured in the fame manner at the top, kept floating,

from its leaky date, juft even with the water. In this

pen we were able to preferve them feveral days, and

always without food } for though in the ftomach of

thefe
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thefe animals, when taken, a Plaice or Surmullet

may, as we have feen, be found, yet in confine-

ment they negleCt all kinds of prey: it will be eafy

however, as they are of a quiet nature, to force

them to fwallow food, if neceffary.

But the frequent, and perhaps favourite fituation

of the Torpedo is to lie in concealment under fand.

If he be placed by delign, as he is fometimes

left by accident, in any hollow of a fandy beach,

from whence the tide has juft retired, he fwims to

that brink where the water is ftill draining away,

and on finding himfelf unable after repeated at-

tempts to pufh himfelf over the fhallow, and follow

the courfe of the tide, he begins with admirable

addrefs to bury himfelf in the fand, and by a gentle

but quick flapping of his extremities all round foon

links himfelf a bed, and in the aCtion throws the fand

in alight lhower over his back. Neither the animal

nor the fpot he is in can now be diftinguifhed

lave only that, on a nice fearch, his two fmall infpi-

ratory foramina, and their membranes at play, may
he perceived. It is in this fituation that the Torpedo

gives his mod forcible fliock, which throws down the

aflonifhed paffenger who inadvertently fleps on him.

1 have thus fhewn that Great Britain too claims the

Torpedo, or Electric Ray; that ours is the broad

marine fort, which Socrates, as Meno thought,

refembled ; and that it is the black Torpedo
, whofe

influence lubdues obflinate Head-achs, and the Gout

iifelf W. In announcing to our Naturalifts and

(c) Scribonius Largus, Cap. i. & 41. See alfo feveral of

the eaily phyficians, Roman and Arabian, for different cures

attributed by them to the effect of the Torpedo.

Electricians
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Ele&ricians the prefence of this wonderful gueft, I

Ihould certainly felicitate our Invalids on their ac-

quifition, but that the Leyden phial contams all his

magic power,

I remain, with true efteem,

DEAR SIR,

Your affe&ionate and obedient fervant,

JOHN WALSH.

Vol. LXIV. p P p XLVII. Dt-
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XLVII. Defcription of a double Uterus

and Vagina. By John Purcell, M. D.
Profejfor of Anato?ny in the College of
Dublin. Communicated by Dr, Mor-
ton.

Dublin, April 7, 1774.

Xedde, June 23, "W
- AST fummer the body of a

* 774 ’ I J woman, who had died in labour

in the ninth month of her pregnancy, was dif-

fered at the Anatomical Theatre of Trinity Col-

lege. Upon opening the abdomen
,
an uterus ap-

peared of fuch a fize and form as are generally ob-

ferved at that period. It contained a full grown
foetus y but was furnifhed with only one ovarium and

onefallopian tube, which were fituated on the right

fide. On the left was placed a fecond uterus unim-
pregnated and of the ufual fize, to which the other

ovarium and tube were annexed. But thefe two
uteri were totally diftinft and feparated from each

other, except at the lower extremity of their necks*,

where their union extended a quarter of an inch*

and an acute angle was formed between them. There
wafe nothing extraordinary in the formation of the

external parts of generation ; but from each fide of

the meatlfr urinarms, a membrane ran downwards *,

and
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-arid the two, having comprehended this orifice be-

tween them, were joined together a little below it,

fb as to form, by their union, a feptum or mediaflinum,

which taking the remainder of its origin from all

that prominent ridge called the fuperior columna,

and defending perpendicularly, was inferted into

the inferior columna, fo as to extend from the en-

trance of the vagina as far backward as its pofterior

extremity, and thus to divide it into two tubes of

nearly equal dimenfions. But each of thefe did not

lead folely to the womb of its own fide ; for the

right vagina became gradually wider as it ran back-

ward, and at lafb was fo far dilated as to compre-

hend, within its circumference, the orifices of both

uteri ; while that on the left fide, having taken an

oblique direftion, ended in a cul de fac, or cacum•
Such a conformation might have rendered k totally

ufelefs : to prevent which, Nature, fertile in expe-

dients, feems to have had recourle to a very extra-

ordinary contrivance. This was affjure in the fep-

tum, an inch in length, and about an inch diftant

from the womb of that fide. Although its circum-

ference was perfedlly fmooth, we muft acknowledge

that it might have arifen from an accidental rupture

of the feptum ; the lips of the wound not uniting,

and, in procefs of time, becoming callous; and

yet, I imagine, that the parts were originally formed

in this manner, in order to preferve a communica-

tion between the two vagina.

Thus it appears, that both uteri might be im-

pregnated through either vagina
,

as that on the

right fide led dire£fly to both ; and as, by means of

the filfiire in the feptum, the femen could eafily be

P p p 2 thrown
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thrown from the left vagina into the right, where
the apertures of the two wombs were placed.

Through the latter pafiage both uteri would feem to

have an equal chance for impregnation j for, not-

withftanding that which contained the foetus was
placed almoft dire&ly in a line with the axis of the

right vagina

:

yet this probably was not its original

polition ; but by degrees its bulk increafed fo much
as neceflarily to occupy the middle fpace, and pufh
the unimpregnated one afide. But, however fur-

prizing it may feem at firft view, yet there is reafon

to imagine, that the right womb, though at a greater

diftance, would be much more apt to conceive than

the other, if the left vagina only had been made ufe

of. For when this was diftended, it appeared that

the pofterior part of thefeptum, by its protuberance,

clofed lip and covered the left os tinece ; and, as fuch

would probably be the cafe in copulation, the fernen

not finding a ready admiffion into it, would pafs

over to the right orifice, where its entrance could

not be fo much obftru&ed. So that, if we may
hazard a conjecture, I think it more likely, fince the

right uterus alone conceived, that the left vagina had
generally been employed.

It was a prevailing opinion among the ancients, that

male children were conceived in the right fide of the

womb, and females in the left. Having fo few oppor-

tunities ofdiffering human fubjeds, they depended too

much on the analogy of the ftruClure of brutes, which
has been the principal fource of the many erroneous

defcriptions which we meet with in their works.

It is well known that the uterus of many quadrupeds

is divided into two cornua
, in which the foetus' are

lodged '

y
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lodged j and it was not very abfurd to conclude,,

that Nature might have formed them for the diftindt

repofitories of the two fexes. Accordingly this was
fuppofed to take place in the human uterus which
has been defcribed and delineated as if diftinguifhed

into two chambers. Hence arofe the opinion, which
is. received in fome places to this day, that a very

lure prognoftic, with regard to the fex of the child,

.may be drawn from the fide of the belly on which
the tumour is more fenfibly felt. Diffedtions being

now more frequent have proved, that the human
womb generally .has only one undivided cavity; fo

that theJoetw, let it come from which tube it may,
will, when arrived to a certain fize, occupy it en-

tirely. This obfervation, however, is not fufhcient

to refute the fuppofition that each fex might have its

peculiar ovarium ; and fome authors pretend, that

they are able to determine how many males or fe-

males any animal has brought forth, by examining

the number of cicatrices on its ovaria . For, when
females only had been produced, the right ovarium

was found ftill full of vejicles, but the left quite

exhaufted. That this is not always the cafe in

brutes, appears from the obfervation of Dr. harvey,
who frequently found male foetus' in the left cornu ,

and females in the right. In the human fubjedt,

opportunities of afcertaining this matter muff occur

very feldom. We have an inftance, recorded by

cyprian, where both a boy and a girl were con-

ceived, although the right tube was wanting. But
the prefent cafe affords another example, which is

decifive ; for here the impregnated uterus had not

the fmalleft communication with the left ovarium or

tube, and yet it contained a femalz foetus.

The
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The fepfum was not merely •membranous, but

fiefhy, and of a confiderable thicknefs ; and, like

mod other inedicjli'na V\ .he human body, confided

-of -two lamina combined. Of thefe . each vagina

furnifhed one ; for each had its ov confdidlor, and,

being completely furrounded by mufc.Hr fibres,

had a power of contraction independent on the

other ;
which could not be effected if both va-

gina were comprehended within the fame mufcular

rings, and feparated by a membrane incapable of

aftion.

It has been the opinion of many modern authors

of the firft reputation, that th zfundus is that part cf

the womb, whofe extent increafes, in the greateft

proportion, during pregnancy j and upon this fup-

pofition, they have founded various theories. One
of the principal arguments which they propofe, in

fupport of their opinion, is, that the infertion of the

fallopian tubes is removed from the angles of the

uterus and gradually defcends towards its neck, fo

that a fhort time before delivery they are at a very

great diflance from their former pofition. haller
does not attempt to deny thefe fads j but mentions

three inflances where the tubes did not change their

place. But petit, in his Memoire on the caufe

and mechanifm of child-birth, is clearly of opi-

nion, that the whole dodrine is deflitute of foun-

dation. He aiTerts, that the fundus increafes lefs

than any other part, and that the furpriling growth

of the womb is effeCled by frefh fupplies of fibres,

fucceffively furnifhed by the neck and parts ad-

joining. As a decifive proof, he infills, that the

infertion of the tubes continues nearly in the fame

place, and accounts for the error of the abovemen-
• tioned
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tioned authorsby obfervingjthatasthey'&W#! is pushed

upwards by the growth of the other parts, a greater

portion of the tubes will adhere to. the furface of the

womb, and thus the apparent place of infertion be

very far diftant from the real one. This remark is

verified in the prefent inftance j for the tube at fir ft:

light appears to penetrate into the middle of the

uterus ; but, upon a clofer infpe&ion, and by intro-

ducing a briftle, it is found to run for a considerable

fpace between it and the coat, which it receives

from the peritoneum, and at length to enter into its-

cavity not very far from the fpot which it may be

fuppofed to have occupied before impregnation.

With regard to fuperfcetation, it is evident how
eafily it might have been effected in the prefent fub-

jedt ; and the fuppofition of a double uterus can

readily account for it on many other occafions. But
this is a matter on which it would be needlefs to

dwell any longer, as it has been very fully treated in

gravel’s DilTertation, publifhed in haller’s
ColledHon; where we meet with a fimilar inftance

of two uteri and a vagina, the anterior part of which
was divided by a feptum j but whofe pofterior portion

was fingle, where the feptum was difcontinued.

haller, in his Opufcula Pathologica
,

gives the

hiftory of a young lady of quality who had two.

wombs, each of an oval fhape, and furnifhed with

its own peculiar vagina. One of thefe vaginae was
anterior, and communicated with the right womb ;

the other was pofterior, and led to the left. And
it is worth obferving, that in thefe two cafes, and in

tnoft ethers of the fame kind, which have been

hitherto obferved, each uterus had only one ovarium:

and one tube.

A double:
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A double uterus is deferibed by o. acrel, in a

treatife printed at Stockholm, in 1762; and in the

feventh volume of haller’s Elementa Ph\'fiologirc y

various authors are referred to, who deferve to be

confulted upon this fubjeCt. In fome of thefe we
find examples of two wombs, or one uterus ,

divided

into two cornua. In other inftances the uterus re-

tained its proper external appearance, although it

was really double, its cavity being divided by a

feptum.

Since, therefore, it is certain that, in the ftrudture

of the parts of generation, Nature frequently de-

viates from her ordinary courfe, practitioners in mid-

wifery ought to confider how many difficulties they

may, perhaps, be expofed to by not attending to

the poffibiiity of fometimes meeting with thofe

organs formed in the fame manner as in the fob-

ject of this efiay. An attention of this kind would

probably have been of the utmofl confequence in

the prefent cafe ; for the orifice of the unimpreg-

nated uterus was fo far dilated, as eafily to admit

two fingers, which might have arifen from the at-

tempts of the midwife to bring on delivery: nor

can we conceive any thing more vexatious than fuch

a cafe would prove, were it to fall into the hands

of an inexperienced perfon ; as the orifices of the

different wombs prefenting themfelves alternately to

his touch, he might entertain doubts of the preg-

nancy of his patient, even when her labour was

approaching; and, by endeavouring to dilate the

left vagina
,

all his efforts to promote delivery would

only ferve to render it more difficult, or perhaps

impracticable.

XLVIII. d Letter
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XLVIII. A Betterfrom William Brown-
rigg, M. D . F. R. S. to Sir John Pringle,

Bart, P. R. S. relating to fome Speci-

mens of native Salts
,

colleSled by Dr.

Brownrigg, andJhewn at a Meeting of

the Royal Society
, June 23, 1774 *.

s I R,

Redde, June 23>TT BEG leave, through your hands, tor

IJ74
*

J|_
convey to the Royal Society, fpe-

cimens of various falts, which I have found native

in the coal-mines near Whitehaven; and which, I

flatter myfelf, may be of fome ufe in aflifting us to

form a right judgement concerning the generation of

thefe falts, and the various ingredients that enter

their compofition.

The firfl: of thofe native falts which I offer to the

Royal Society, is the J'al catharticus amarus, or the

bitterfait ; which, though it was only firfl: difco-

vered by Dr. grew in the Epfom waters fo lately as

towards the clofe of the laft century, is found in

more abundance, and more univerfally diffufed

over this globe than any other fait, the common fait

* Thefe fpecimens were afterwards depofited in the Britifh

Mufeum. s. horsley,

Vol. LXIV, Q q (j excepted.
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excepted. The waters of the ocean are known to

be ftrongly impregnated with this fait, and from it

to acquire their bitter tafte. It has alfo been difco-

vered in many fprings, in almoft all known parts of

the world; many of which are thereby rendered unfit

for domeftic ufes, though highly ferviceable in medi-

cine. Many lakes contain large quantities of this

fait ; as the lake Afphaltus, and fome of the lakes in

Siberia W : and laftly, it will appear from the fpe-

cimens of this fait here produced, that it continually

germinates from {tones, and other fubftances lodged

in the bowels of the earth; from which fubterraneous

{tores, not only the fprings and lakes, but alfo the

ocean itfelf feems, in part at lead, to be fupplied with

it.

In Partition N° 1. are various fpecimens of this

bitter fait, which I found germinating, in great

abundance, from a whitifh-grey free {tone, in many
parts of the colliery of Howgill near Whitehaven.

It there grows, or {hoots out from this {tone, in very

fine and tender filaments, which are white and {Line

like polifhed {liver. Thefe filaments are of various

lengths: fome I have feen three inches long; and

they are often fet lo clofe to each,other as to adhere

together into one mafs. They are often very pure,

but fometimes are intermixed with minute efilcre-

fcences of green vitriol ; which fait alfo germinates

in great abundance in the fame colliery. The green

vitriol, which is extrade:! from the martial pyrites

found among the coal in <he fame mine, has alfo

fometimes mixed with it a fmall portion of this

bitter fait, as I learned from experience, having

(a) Gmelin.

frequently



[ 483 J

frequently taken large quadrilateral cryftals of this,

laffc mentioned fait out of the cifterns in which a

iirong lixivium of green vitriol had been fet to-

cryftallize at the copperas works near Whitehaven.

And here it may be proper to remark, that the

large beds of freeftone found in the coal-grounds

near Whitehaven, and in mofl other places where

there are veins of coal, though fuch (lone is often'

very hard when dug out, and does not (eem liable to

decay while lodged deep in the earth, yet will Sel-

dom endure the weather; but, whenexpofed to the

open air, gradually moulders into duft, and is there-

fore unfit for buildings. W hich decay of thefe

ftones feems owing chiefly to the germination of this

bitter fait, and fometimes alfo to that of vitriol

;

but feldom to the formation of nitrous falts, as has

been mofl commonly fuppofed.

Partition II. N° 2. Bitter fait, from the fame col-

liery, in a concreted form, found lying in fmall va-

cuities towards the top of fome large pillars of coal,

there left about forty years ago, to fupport the roof

of the mine. The fait has been generated from the

whitifh grey freeftone, of which this roof is formed,

and feems compofed ofmany fmail filaments (the fame

as N° 1.), that have gradually (hot out from their

ftony matrix fo clofe to each other, as to unite into

one folid mafs.

N. B. Various other kinds of falts, formed by
germination, afiume this fibrous texture, in like

manner with this bitter fait, as will appear from the

fpecimens of green vitriol and alum here exhibited,

which I collected from the fame colliery of Howgill.

Qq q 2 Partitioa
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Partition III. N° 3. The fame bitter felt concreted

into fmall folid and tranfparent maftes, of an irregular

form, in which ftate it is found in great quantities, in

many parts of the collieries of Howgill and Whingill,

near Whitehaven, in old works which have been

deferted fourfcore or a hundred years. Specimens of

the native bitter fait, in this form, I fent to Sir Hans
Sloane thirty years ago.

Partition III. N° 4. (
a

)

The native bitter fait

(N° 3.) depurated by folution in water, and decan-

tation of the clear lixivium from the coal and other

heterogeneous fubftances that had fubfided therein ;

which clear lixivium, after having been brought to a

due ftrength by coition, and then fet in proper veffels,

gave cryftals, of which thefe here exhibited are

a fpecimen.

Partition III. N° 4. (
'b), Specimen of the fame-

depurated fait, formed into lomewhat larger cryftals,

in repeating the foregoing procefs.

The figure of thefe cryftals is that of a quadrila-

teral column terminating, at the fummit, in a qua-

drilateral pyramid. At the bafe they ufually appear

broken off from the veffel or other body to which

they adhered during their formation. The four plain

fides of the columns meet always at right angles,

and in the flender cryftals that firft fhoot, are of

equal dimenfions ; but in the larger cryftals (which

feem compounded of fmaller ones) two of the fides,

that are oppofite to each other, are often greater

than the two other fides. The four triangles, that

arife from the four fides of the column, rnofl com-
monly differ from each other in form and in magni-

tude, and therefore compafe irregular pyramids

:

and fometimes thefe cryftals, inftead of ending at a

5 point.
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point, terminate in a ridge formed by two inclined

planes, which arife from the oppofite and parallel

lides of the column.

Thefe cryftals are perfectly clear, and of a fine

deep water, and may be preferved in this ftate many
years, by wrapping them up loofely in paper fo

as to keep them from being fullied by duft and
other impurities. In this manner the -cryftals

now prefented to the Royal Society have been kept

twenty years ; and in all that time have not parted

with any of the water of their cryftallization fo as to

turn white and powdery; neither have they deliquefced

by attracting the moifture of the air. Indeed none
of the falts, formed by germination, that I have feen

are fubjedt to difiolve in a moift air ; on the contrary,

the falts, fo produced, lhoot moft vigoroufly in a

clofe and moift air; a certain portion of moifture

being required in their formation. Some part how-
ever of this moifture feveral of thofe falts readily

loofe when expofed for a confiderable time to the

open air. The Aphronitrum or fal murarim (which is

a fixed alcali) afforded me an inftance of this kind.

For, having depurated a, confiderable quantity of

this fait, and reduced it into rhomboidal cryftals of a

very regular form ; on examining thefe cryftals, after

I had kept them ten or twelve years in a phial that

was corked, though not with great exadtnefs, I then

found them dry, and in part reduced to powder fo as

to have loft their tranfparency, and in a good mea-
fure their proper figure. The green vitriol is alfo

apt to grow rufty, and to lofe fome of its water in

the open air, though its acid, when pure, attracts

moifture more greedily than, perhaps, any other

faline body.

The
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The native bitter fait of the coal-mines, purified

as before related, I have found exa&ly to agree in

the form of its cryftals, as alfo in its cool bitter tafte,

its purgative quality, and other properties, with that

fait which is commonly fold in the fhops, under the

name of Epfom fait, when this laft named fait

had been fufficiently purified and reduced into

larger 'cryftals. This native bitter fait alfo agrees,

in all its qualities, with a fait (which I extradited from

the thick and ponderous liquor known by the name
of bittern) that remains in the falt-pans after the

common fait is feparated from lea water by codtion.

It is alfo the fame with the fait of the Scarborough

waters, as defcribed by Dr. shaw, which is fold at

a great price under the name of Scarborough fait.

Moft of the other purging falts, fold under the

names of the feveral waters from which they are ex-

tradited, feem to be the fame with this bitter fait

;

but differ as they are formed into greater or fmaller

cryftals, or according to their purity ; there being

many purging waters which, befides this bitter fait,

hold common fait, the muriatic calcarious fait, na-

tron, and other kinds of fait.

Of the feveral kinds of bitter fait abovementioned

I have felebted a few fpecimens from thofe which I

have in my pofteflion.

Partition IV. N° 5. The common Epfom falts of

the fhops, purified in the following manner. The
Epfom fait was diffolved in water, and the lixivium

,

after ftanding fome time, was depurated from a

large black fcum which arofe to its top, and from a

dirty fediment ; it was then, by gentle codtion, freed

from
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from a large quantity of common fait, part of which
arofe to the top of the lixivium in fmall grains, and

was thence fkimmed off, and part of it fubfided

therein in larger grains. The lixivium
,
when thus

purified, and reduced to. a proper ftrength by gentle

boiling, was fuffered to fhoot into fmall cryftals in

proper vefiels, and the liquor that remained (which
was a folution of the fame fait, mixed with a con-

fiderable quantity of the muriatic calcarious and
fome common fait) was poured from it.

N° 6. Large cryftals of depurated Epfom fait,

which fhot out from a fully faturated folution of this

fait (N° 5.) made by pouring boiling water thereon,

and fufFering it to ftand till cold.

N° 7. More regular cryftals of the fame fait.

N° 8. Bitter fait well purified, which I extracted

from the marine bittern of the Salterns near White-
haven, in which common fait is feparated from fea

water by codtion.

The bitter fait, purified in this manner, is an ex-

cellent remedy in many difeafes, and may be pre-

pared at the Britifh Salterns, for foreign as well

as for home confumption, fo as to be afforded

at a very moderate price, I therefore heartily re-

commend it to be kept in the fhops in this purified

ftate, inftead of the common Epfom fait now every

where fold ; which laft, on account of its great im-

purities, is delervedly grown into difrepuie.

N° 9. A fait which I extracted from the fame

marine bittern (N° 8.). Its cryftals are very lin-

gular, being of a rhomboid and cuneiform fhape,

and are very confident in common air. Their tafte

feerns more bitter than that of the common bitter fait.

N° 10.
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N° io. Smaller crydals of the lame fait with

N° 9. Thefe are, mod of them, of a rhomboidal

figure.

N° 1 1. Salt of the Scarborough water, which I

puchafed, about twenty years ago, from an apo-

thecary of that place, who there prepared confidera-

ble quantities of it for file. It does not differ from

the purified Epfom fait (N° 7.), and that bitter fait

which I extraded from the marine bittern (N° 8.)

N° 12. Several fpecimens of native green vitriol,

from the coal-mines near Whitehaven. I found

this vitriol in the colliery of Howgill, lying in great

plenty in the joints or openings of the pillars of

coal that had been left to fupport the roof of the

mine, and in a part of it from whence the coal had

been dug away about forty years ago. The vitriol is

found in places to which the air feems to have had

free accefs, and the coal near it commonly appears

in a loofe and crumbling date.

N°. 13. A curious ipecimen of the fame green

vitriol with the foregoing (N° 12.) which may ferve

to explain how it happens that the various fpecimens

of this native fait, and of feveral other falts here

exhibited, affiime a fibrous appearance. The faline

germinations in this fpecimen (hoot out, or grow
from the pyrites, pretty clofe to each other, and in

feveral places are united together into fajciculi or

clufters ; but in other places there are many openings,

or vacuities, which, had it remained in its native

fituation, would, mod probably, have been filled up

by other filaments arifing from its matrix
,
and the

whole
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whole faline concrete would have Been reduced into

one compact body, of a fibrous texture.

N° 1 4. Several fpecimens of the fame green vi-

triol, which are more clofe and compact than the

foregoing fpecimens (N° 13.) ; and in which the

fibrous texture of the fait, thus generated by ger-

mination, is more apparent than in the fpecimens
(N° 12.)

N° 1 5. Green vitriol germinating from martial

pyrites.

N° 16. Sundry fpecimens of pyrites, with green

vitriol adhering thereto, or lodged in its crevices,

where the falls fweliing, or continually increafing in

bulk, aft as wedges, and moulder the pyrites- into

powder. The pyrites, in this decayed ftate, appears

black, from its bituminous and earthy parts re-

mainingafter its faline principles have been feparated

from it. Though in the fpecimens here exhibited*

feme foffil coal may have been intermixed with the

pyrites. The miners have called this decaying of the

lulphurous ores of copper, iron, and other metals

and femi-metals, the weathering of thefe ores, having

obferved that this change or decompofition of thefe

ores is brought about by the operations of common,
air, and of the watery moifture to which they

have been expofed. For the pyrites and other ful-

phureous ores remain without change in the bowels

of the earth, while lodged in places, where neither

the air nor water can aft upon them.

N° 17. Native alum from the coal-mines near

Whitehaven. In thefe fpecimens the alum is found

adhering to the ftone, from which it fhoots out, in

Vol. LXIV. R r r very
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very fmall white and fhining filaments, which have a

flocculent or downy appearance, and is therefore

the fame fait which was heretofore known under the

name of alumen plumojum. Some kinds of ajbeftos
,

from their refetnblance to this fait, have alfo, though

very improperly, obtained the name of alumen plu-

moj'um. This fait has the diftinguifhing tafte of

alum, though fomewhat more harfh and rough,

owing either to fome ftnall mixture of vitriol of

iron, which feems to fhoot out along with the alum ;

or elle, becaufe mod of the alum prepared for lale

has urine, kelp, and other mixtures, added to the

lixivium during its codtion, which may render the

fait lb prepared lefs harfh and ftyptic than the native

alum. The Hone on which the native alum, here

exhibited, germinates is black and fhining, and has

ib much bitumen mixed with it, that it burns flowly,

and leaves a white afh, when let on fire in large heaps.

N. B. From the top of thefe heaps, I have col-

jcdted confiderable quantities of brimftone that was
fublimed from this bituminous ftone, while burning

in this How manner.

N° 18. Large pieces of the fame native alum,

very pure ; on the outiide it has got a yellowilh call

by being expofed two years to the open air lince it

was taken from the mine ; when broken, it ap-

pears on the infide more fhining, and has a blueifh

call.

N° 19. An earth found in confiderable quantities

near the above fpecimens of alum. From its ex-

tremely harfh, rough, and fiyptic tafte, like that of

burnt alum, it feems to be an aluminous earth. It

3 may



[ 49 1 ]

may alfo contain fome fmail minture of ochery-

earth, which may give it its yellow caft.

N° 20*' A fhining kind of ftony clay, called

by the miners Jill,
lying in large beds in coal

grounds, it ftrongly refills the fire, and fome of it,

by germination, yields alum.

W. BROWNRIGa

ERRATUM.
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WITH
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Donors Names. Prefects made.

Omitted, 1773.
J*hn Wstlfli, Efq; F. R. S. Prefented the Two Plates of the Fill*

- Torpedo.

-Nov. 4.. George Scott, Efq; A Portrait of William Derhain, D. D.
F. R. S. F. R. S. in a gilt Frame.

Berlin Royal Academy. Hiltoire et Memoires for the Years

1767, 1768, 1769, 1770, and 1 771,
in 5 vol. 4*

Thomas Tyrwhitt, Efq; Fragmenta duo Plutarchi, Gr. 8*

F. R. S.

Turberville Needham, Lettre de Pekin fur le Genie de la

Efq; F. R. S. Langue Chinoife. 4*
Nov. 2$, Hudfon’3 Bay Committee. A very large Colledlion of Quadru-

peds, Birds, Filhes, Plants, and
other Curiofities, from Hudfon’s
Bay.

Dec. 9. Commodore, Shouldham, An uncommon Speq&i of Seal, Two
by theHon.DainesBar- Birds, and a Paw of Snow-lhoes
rington, V. P. R. S. from Labradore.

Hon. Daines Barrington, A Foflil Impreflion of a Filh from
V. P. R. S. Verona.

J. Hyacinth Magelhaens, A Filh in Spirits, from Louvain, the

F, R. S. Cobitis Foihli* of Linnseus.

j Don#i«
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-1773 - Donors namoe. Prefents made.

1 6. Mr. Hutton.

C. P. Layard, A. M.
Mr. J. Miller.

23. Hon. Daines Barrington,

V. P. R. S.

Matthew Duane, Eft];

F. R. S.

Mr. Rouelle.

M. Boullanger.

* 774 -

Jan. 13. Hon . Daines Barrington,

V. P. R. S.

Mr. John Belchier,

F. R. S.

Charles Collignon, M. D.
F.R. S.

Board of Longitude,

so. M. Lavoiiier, I’Ac. R.
des Sc.

Dr. Wolfe of Dantzick.

27. John Coakley Lettfom*

M.D.F.R.S.
Mrs. Wert.

Mr. L. Dutens.

Feb. 3,. Commodore Shouldham.

10. P. Paolo Frifi, F. R. S.

1 7. Air. Murdock Mackenzie.

24. William. Jones, F.R, S.

A curious Stone, found on the La-
brador Coaft.

A poetical Eil'ay on Charity. 4®

Botanical Prints, N° VII. fol.

The Gillaroo Trout, from Ireland, re-

markable for its Gizzard-like Sto-

mach.
An Engraving of Bartolozzi from a

Drawing ot Mr. Hurt'ey.

Several Pieces on Chemillry, in the

Journal de Medicine 1773. 8°

Experiences et Obfervatiuns fur les

Spath vitreux. 8®

A Lizard and feveral Fifh from Ja-
maica, fome of them Non-defcripts.

A Portrait of John Locke, Efq; co-

pied from one of Sir Godfrey Knel-

ler, with a gilt Frame.

Medical and Moral Trails. 8®

The Nautical Almanac for 1775 8*

Opufcules Phyfiqucs et Chymiques,
Tom. L 8®

Tentainen Botanies Charaileriftica:

Cftens genera Plantarum perfeifio-

rum IMS. 8°

Untericht gegen die Kinder Blattern,

12°

The Naturalift’s and Traveller’s Com-
panion. 8?

Catalogue of the Curiofities and Books

of the late James Weft, Efqp P. R. S.

4
°

Explication de quelques Medailles de

Peoples deVilles et deRoi,Grecques

et Phenicienes. 4
0

Anatomy of the Horfe, by G. Stubbs*

foL

A Chart of the Coaft of Labradore,

by Lieutenant Roger Curtis, MS.
De Canali Navigabili

.
4®

De Rotatione Corpcrrum. 4
0

A Treatife of Maritime Surveying. 4
0

The Hiftory of the Life of Nadir

Shaw, King of Perfia. 8*

Donors
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1 7 74. Donors Names.

William Jones, F. R. S.

Prefents nude.

John Ellis, F. R. S.

Thomas Percival, M. D.

F. R. S.

Mr. Necker.
Mar. 10. Leonard Euler, F. R. S.

M. Le Roy.

Ferdinand Berthoud,F.R.S.

Stockholm R, Acad.

Poefeos Afiatici Coinmectaviorum,

Lib. VI. 8*

An hiltorical Account of Coffee. 4®

Obfervations and Experiments on the

Poifon of Lead. ’ 8°

Eloge de Jean BaptiHe Colbert. 8®

Theorie complete de la Conffru&ion et

de la Manoeuvre dcs Vailfeaux. 8®

Precis des recherches faites en France

depuis 1730, pour la Determination

des Longitudes en Mer. 4®

SirJ. Pringle, Bart. P.R.S. A Piece of the Gibraltar Rock, full

of Animal Bones.

.Trait6 des Horloges Marines. 4*

Memoires a l’Hilloire des Infers, par

Charles de Geer, Tom. IIL 4®

Syftema Mir.eralogicum, a Johan.
Gotfch Wallerio, Tom, I. 8®

Memoires of the Royal Academy of

Stockholm, &c. from June 1771
to June 1773. 8°

The prefent State of Mu he in France
and Italy, 2d Edit. ' 8*

The prefent State of Mufic in Ger-
many and the Netherlands, 2 vol. 8*

Antiquities of Herculaneum, Vol. VI.
fob

Apr. 14. M. Rouelle. Tableau de l’Analyfe Chimique. 8®

28. FerdinandBerthoud,F.R.S. Eclaircilfmens fur PInvention des Hor-
loges Marines. 4®

Botanical Prints, N® VIII. fob

.A Box with many preferred Infedts,

from Jamaica.

May 5. Sir J. Pringle, Bart. P.R.S.A Petrifadlion, fuppofed to have been
moulded upon a Call of a particular

Species of Fern.

Mr. Fortney’s Traite d’Education Mo»
rale au quel on a joute quelques
penfees relatives a ce fujet. 8°

A Tour in Scotland, in 1769. 4®

Charles Burney, Mull D.
F. R. S.

24. His Sicilian Majefty.

M. Rouelle.

FerdinnndBerthoud,F.R.S.

.

Mr. J. Miller.

S. Teiiier Kuckhan,F.R.S.

J. Philip de Limburg,
M. D. F. R. S.

Thomas Pennant, Efq;

F. R. S.

May 12. Ferdinand Berthoud,

F. R. S,

A Tour in Scotland, and Voyage t®

the Hebrides, in 1772. 48
Voyage en 1768 et 1769, pour e-

prouver en Mer les Horloges Ma-
rines de F. Berthoud, par M.
D’Eveux deFleurieu, 2 Tom. 4*

Donor*
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J774*

»9‘

The Editors*.

Donors Names. Prefers made.
G. L. Le Sage. Efl'ai de Chymie Mechanique. 4*
AlexanderDairymple,Efcp Plan of Ports in the Eaft Indies, with

F. R. S. fome Nautical Inltrudtions and Ex-
' pknations. 4

0

Jofeph Priefiley, LL.D. Experiments and Obfervations on dilfer-

F. R. S. ent Kinds of Air, 8°

Hon. Conflantine John Log-book of the Voyage towards the

Phipps, F. R. S. North Pole, with two charts
, MS. fol.

James Johnftone, M.D. An Effiay on the Ufe of the Ganglions
of the Nerves ; to which is added,

Biflert. Med. Inaug. de Angina
Maligna. 8°

The Origin of Printing, in Two
Eflays ; with an Appendix, con-
cerning the firft printed Greek and
Hebrew Books, the early Polyglott

Bibles, &c. by W. Bowyer and

J. Nichols. 8°

Critica Sacra, or a ffiort Introduction

to Hebrew Criticifm, by the Rev.
Dr. Henry Owen, F. R. S. 8°

Obfervations fur la Phyfique, fur

l’Hiftoire Naturelle, et fur les Arts.

Tom. I. II. in 13 Parts. 4
0

Efq; Plans of Ports in the Eaft Indies, with

fome Accounts of them, N° II. 4®
Differtazione dell Aneurifma del Po-

plite 8°

Dilfertazione prima fopra un fenomens
volgarimente detto Fata Morgana. 8°

Difcovery of a new Northern Archi-

pelago by the Ruffians, with a

Map. 1

Obfervations fur la Phyfique, &e.
N° XVI. 4.

0

1
... m

"

Traite fur la meillure maniere de cul-

tiver la Navette et la Colfat ; & d’en

extraire une huile depouillee de fon

mauvais Gout, &c. 8°

J.
Coakly Lettfom, M. D. Medical Memoirs of the General Dif-

L’Abbe Rozier.

June 2. Alex. Dalrymple,

F. R. S.

Dominico Mafotti.

P. Antonio Minafi.

9, Mr. Stehlin, F. R. S..

3.6. L’Abbe Rozier.

F. R. S
Giambattifta Ghirardo.,

penfary in London. 8°

Dilfertazione fopra il quefito, qual

debba il Bilancio della Popolazione

e del Commercio fra la Citta e il

fuo Territoro, &c. 40

A N
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Sixty-Fourth VOLUME
OFT H E

Philofophicctl 'Tranfa&tons*

A.

CID, vitriolic, no prefemtive of the chalybeate

waters, p. 366.
Atkin, the Rev. John, on the prefent flats of the towit

of Warrington, with refpe£fc to number of inhabitants,

increafe, and healthinefs, p. 438, Observations on the

malignancy of the fmalbpoK there, p. 439,
Air, common, loaded with putrid effluvia noxious to the

lungs, p. 91, Rendered noxious by agitation in putrid

water, p. 92. Purified by vegetable fuoflanees growing
in it, p. 74. Air ifming From Stagnant water not

always unwholefome, p. 93. Air clearer in general at

Anticofti than at Greenwich, p. 193. How to find

the denfity of the air at any elevation by the barometer

y<*.w s ff and
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and thermometer, p. 261—267. No repulfion be-
tween air and water, p. 452.

Mephitic Air. Vide Mephitic-

Air-cells in birds. Vide Birds.

Air pump, Mr. Smearon’s, fuperior to any made upon the
common p]an, p. 95.

Alexander
,

Dr. his opinion, refpecting putrid marfnes,

refuted, p. 91.

Altringham
, number of inhabitants in, p. 61.

Alum, native, found. in the coal-mines near Whitehaven,

p. 489. Defcription of it, p. 490.
Amber

,
not electrified barely by being heated, p. 421, 422.

Anatomy
,

mi (takes of the antients in, to vyhat to be

afcribed, p. 47 6.

Anatomical experiments on birds, p. 211.

Animals
,

in Labradore, not numerous, nor of great va-

riety. The principal defcribed, p. 376—378. Am-
phibious, their refpiratory organs of fimilar formation

with thole in birds, p. 212.

Anticofii, longitude of, p. 189. Latitude, p. 190.
Clearnefs of its air, 193.

Antients
, too little deference paid to their learning,

p. 447.
Archipelago ,

a new one in the North, difcovered by the

Ruffians, p. 461.

Agronomical Obfervations. By the miffionaries, at Pekin,

p. 34. By Lieutenant Jofeph Varelaz, in Spain, p. 1 12.

Near Quebec, p. 171. At the entrance of Gafpce

Baffin, p. 177. At Kittery Point, and Portfmouth,

in North America, p. 182, 183. At Greenwich,

p. 184. On the ifland of Anticofii, p. 190. At
Chiflehurft, p. 329.

Atmofphere. How far it is true, that the denfity of the

atmofphere, at a given elevation* is at all times pro-

portional to the compreffive force, p. 245. Its infinite

height more probable than the contrary fuppofition,

p. 269. Its denfity finite at infinite heights, ibid.

A table of its’gradual rarefactions, p. 272. How great

a part of the whole rarefaction is performed on this fide



INDEX. 499

the moon, p. 274. Its lower regions more rarefied by
heat in proportion than the upper, ihic). Atmofpherical

logarithmic, p. 231. The univerfe hath a common
armofphere, p. 292. That the denfity will often re*

main unchanged, at fome particular height in the at-

mofphere, by a given change of temperature, p. 278.
That, at another, the preffure of the fuperincumbent
atmofphere remains unchanged, p. 275. Vide Elajli-

city, Subtangent.

Atmofphere electric, method of making vifible, p. 396.
Atmofphere, often electrical at fome height above the ground

when it is not fo near the furface, p. 427. The elec-

tricity of the armofphere doth not fhew itfelf within
doors, p. 429.

Attraction, mutual, of mephitic air, and martial and
abforbent earths, p.363. None between oil and water,

P- 453 -

Aurorae Boreales
, remarks on, p. 128. Portend ap-

proaching tempefts, and from what quarter they will

proceed, ibid. Conftantly fucceeded by hard foutherly

or fouth weft winds, attended with hazy weather and
fmall rain, ibid. The fucceeding ftorm may, with
refpedl to violence and duration, be afcertained by the

appearance of the Aurora, p. 130. An attention to

this phenomenon ufeful to feamen, ibid. Conje&ures
on it, p. 132.

B.

Baptifms and burials, in Manchefter, table of, p. 56.
Barker, Mr. Thomas, his meteorological regifter for 1773,

p. 20 2, &c.
Barometers

, M. De Luc’s improvements in the conftruftion

of, p. 158. General principles of meafuring heights

by the barometer, p. 229. In a particular temperature

of the air, the difference of elevation is expreffed ia

1 oooths of a Paris toife, by the difference of the ta-

S f f 2 bular
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bular logarithms of the obferved heights of the quick-
filver ih the barometers, at the different ftations, p.
161, 234. Of the equation for the difference of tem-
perature of the quickfilver, p. 160, 225. A miftake
of M. Dc Luc’s upon this fubje<ff, p. 164, 237.
Quantity of this equation, p. 160, 238. Elegant
method of applying it, p. 1 66, 240. An ambiguity
which may -arife in levelling a large tra<ffc of even
country by the barometer, how to be avoided, p. 241.

' Equation for the temperature of the air, p. 162— 160.

244, 251, 253. M. De Luc’s rules for the measure-

ment of heights reduced to Englifh fcales, p. 166,

2 56—259. Barometer obferved to rife at the top of a

hill, while it was falling at the bottom, and vice verfa,

p. 277. Caufe of this phenomenon, p. 275.
Barrington, Hon. Daines, of the Gillaroo trour, p. 116.

Beni, Mr. his account of a woman enjoying the ufe of.

her right arm, after the head of the os humeri was cut

away, p. 353.
Bills of Mortality, their great utility, p. 67.

Birds have certain receptacles of air communicating with

the lungs, p. 205. The opinion of their having no

diaphragm, refuted, p. 207. Of the internal openings

of their lungs, p. 208. Of the final caufe, p. 21 r.

The great fimilarity between them and amphibious

animals, in the formation of their refpiratory organs,

accounted for, p. 213.

Black, experiments on dying, p. 48. Vide Lime-water.

Slight boiling preferable to trituration, p. 50.

Blood
,
experiments made on its fenfible or chemical pro-

perties rendered very uncertain, by its receiving an ad-

mixture of. atmofpheric air, p. 347.

Boiling water, variation of the point of, and the compa-

rifon of thermometers, p. 220.

Boiling-point on M. De Luc’s fcale, p. 162, 224. For-

mula foi the variation of it, &c. p. 225—227. Ta-

ble of equation of the boiling point, p. 294.
Bolton,
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Bolton,
the Rev. Mr. his- view of the births and burials

at Monton, during the laft ten years, p. 65.

Bolton , number of inhabitants in, p. 60. Compared :

with Little Bolton, ibid.

Bcuguer, M. his conjectures concerning the atmofphere
J

vindicated, p. 252, &c.

Boyle, hon. Mr. his miftake concerning the excitation of

amber by heat, p. 420—422.

Brafs , its conducting power; p. 415. •

Brimjlone, collected, in conbderable quantities', from the
*

afhes of burnt alum, p. 490.
Broivnrigg

,

Dr. on the nature of the mineral elaftic fpirit

or air contained in the Pouhon water, and other aci-

dulae, p; 357. On fotne fpecimens of native halts

collected by him, p. 481-.-

Eudhurs, a trout fo called, - refembles, externally, the--

Gillaroo trout, but has no gizzard, p.120.
Bury, number of its inhabitants, p. 61.

C.

Cdnton, agronomical observations made there, p. 47.--

Cajlillione’

s

life of Sir Ifaac Newton, remarks upon a !

paffage in, p. 153.
;

Chalybeate waters are not preferved from decay by the -

vitrolic acid, p. 36 6.

Chejler
,

healthy to an uncommon degree, compared with

towns of the fame fize, p. 68. Tables of difeafes '

and deaths in Chefter, p. 76— 78. •

Chincough, .vomits of emetic tartar ftrviceable in that
'

diforder, p. 75.

Chijlehurft ,
agronomical obfervations made there, p. 329. •

Clapham. Dr. Franklin’s experiments upon the pond on
Clapham common, p.449. /

r#

Clegg , Mr. James, his experiments on dying black, p. 48. •

A Bight boiling preferable to trituration, in dying,

p. 50.

Clock, ,
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Clock, Mr. Woolafton's account of the going of his clock,

P- 33 r
- f

Colours,
effects of lime in finking them, p. 49. of

the eleCtric fpark drawn through wood, various ac-

cording to its depth in the woo!, p. 419.
Compafs ,

variation of, at Kittery-poinr, p. 182.

at Portlmouth, New Hampffiire,

p. 183.

Compreffive force upon a fluid, how to be eflimated, p. 247.
Proprotional to the denfity, if the abfolute elaflicity be

conflant •, otherwife, as the denfity and abfolute elafti-

city jointly, p. 245—248.
Conductors eleCtrical, fuch as terminate in fharp points pre-

ferable to blunted ones, for the fecurity of buildings,

p. 87, 88, 133— 152. A ball in danger of a flroke

at a greater diffance than a point, p. 138. Particular

inflances of the good effects of pointed conductors,

p. 139— 141, 147, 411, 413, 414. Points do not

iavite a flroke of lightning, p. 13S, 142. The effeCt

of a point fhewn by a contrivance to imitate an eleCtrified

cloud, p. 142. The general utility of metallic con-

ductors fhewn by an experiment of Mr. Nairne’s,

p. 145. Preference due to points, p.410, 411. Of
certain appearances upon the iron conductors at Sr.

Paul’s, p. 148— 151. Conductors for the fecurity of

buildings befl made of lead, to terminate with pointed

rods of copper, p. 402, 403. A new prime conductor

of glals, p. 403. Conjectures on the phenomena of

it, p. 405. Attempt to afcertain the conducting

powers of different metals, 415.

Conjecture on Aurora Boreales, p. 132.

Confumption, a name given to many diforders to which

that term is not properly applied, p. 72. More die of

it, between the ages of ten and fifty, than of all other

difeafes, ibid. Caufes of this diforder, p. 73.

Convulfions, in children, not fo common as is generally

imagined, p. 72.

Copper, an ore of that refemblance, which does no: feem

to
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to be affeCted by heat, impregnates the rocks in many

parts of Labradore, p. 375. Pointed rods of copper

recommended for conductors for the fecurity of build-

ings, p. 403. Plates of copper recommended inftead

of electrical chains for (hips, p. 412. Copper filt ered,

its condoCling power, p. 41 5.

Cork, eledfrified by cutting or filing, p.417.
Coventry, account of a woman accidentally burnt to death-

there, p. 340.

Crofs-wiresy of telefcopes, method of improving, p. 105.

Curtis, lieutenant Roger, his account of the country of

Labradore, p. 372. His draught of that country,

preferable to any before made, ibid. His fuperior ad-

vantages for the executing it, p. 373*
Curtis, Mr. William, his account of the 50 Chelfea

plants for 1773, P- 3Q2 *

D.

Darwin, Dr. his experiments on animal fluids, p; 345.
Davis’s Inlet, navigation of, extremely hazardous, p. 373;

Mafles of ice there of prodigious magnitude, very

dangerous to (hips in ftorms, or thick weather, p. 373,
374. From whence they ccme, and of what formed,,

ibid. Their appearance on the coaft-a mark of the

approach of fummer, ibid.

Deafnejs, experiments, to remove,, by the cupping glafs,

P- 349 -

Denfity, and preffure of the atmofphere, how to be de-

termined, p.261—267. Denfi ties at- different heights

reprtfented by the ordinates of a logarithmic curve,

p. 231. of different logarithmics at different times,,

p. 249. At the fame, time by parts of different loga~-

rithmics at different heights, if the temperature of the

whole atmofphere be not uniform, p. 251—254.
Derg, Lough, the Gillaroo trout found there,, p. 120.-
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Be La Lande , Mr. has given a demon ftration of Mr.

Cotes’s as a new one, p. 230. Cenfures M. Bouguer,

p. 252.

Be Luc , M. his miftake concerning the equation for the

temperature of the quickfiiver in the meafurement of
heights by the barometer, p. 164, 237. Whence it

arofe, p. 239.
Bes Cartes, why cenfured by Sir Ifaac Newton, p. 154.
Biaphragm. Vide Birds.

Bobfcn

,

Dr. on the petrifying quality of Matlock waters,

p. 291.
Dying black. Vide Black, Lime-water, and Pct-afrj,

Byfenteries, unknown in Chefter, p. 73.

E.

Earth, martial and abforbent, the medium by which the

mephitic air of the Pouhon water is united to the watery

element, p. 362.
Earth, a fpecies of aluminous, found, in great quantities,

in a colliery near Whitehaven, p. 490.
Eajlham, ftate of population there, duration of life, &c.

,p. 61. Comparative furvey of Eaftham and Roy ton,

.p. 6 2, 63.

Eclipfe of the Sun, obferved at Pekin, p. 37. Beginning

and end of an eclipfe of the Moon, at Pekin, p. 39,
Total of the Moon at Pekin, p. 43, 45. Of the

Moon, at Canton, p. 47. Of Jupiter’s fatellites, near

Quebec, p. 176. Of ditto, i8r. Of Jupiter’s firffc

fatellice, at the Royal Obfervatory at Greenwich, com-

,
pared with obfervations of fundry places in North
America, p. 184—193. Of Jupiter’s fatellites, at

Chiflehurft, p. 334. Trials of Mr. Bailly’s method
of obferving the eclipfes of the fatellites, ibid.

ElaJUcity, absolute, of the particles of the air,

what, p. 246. Often different in different parts of

the atmofphere, p. 251

—

255. Probable connexion

between elafticity and heat, p. 267.
Elec*
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Elideicily, accumulated to a certain degree, puts an end
to vegetable as well as animal life, p. 87. Experi-

ments on a duck and a turkey, p. 83. On various

plants, p. 84. On the eledricity of fogs, p. 422—430.
On platina, p, 4 16. On dried cork, p. 4 1

7. On talc,

p. 418. On amber, p.421. A caution to electri-

cians, p. 87. On the means of fecuring buildings

againft the ftroke of lightning, p. 133. Vide Conductor,

Leyden Bottle , Lead, Copper
, Atmosphere,

Platina ,

Matter , Sparks, Fogs.

Eledrical Machine, Defcription of one made by Mr.
Edward Nairne, p. 7 9. And feveral experiments made
with it, p. So—89. Advantages of larger ones than,

have yet been made, p. 430.
Eledrical Journal

,
plan of one, p. 430, 431.

Epfotn fait, the fame with the bitter fait of the coal-mines,

p. 486.

Efcopics ,
a nation of Labradore, very little known, p. 180.

Efquimeaux

,

a people of Labradore, probably a colony from
Greenland, p. 382. Their perfons, drefs, and man*
ner of living, defcribed, p. 383. Their manner of

appealing hunger, when preffed by it, ibid. Abfolute

Grangers to any form of religion or government, ibid.

Their character and numbers, p.385, &c.

F.

Faculty p. 28.

Farijh, the Rev. Mr. on the {tilling of waves by means
of oil, p. 4+6.

Fevers, intermitting or remitting, very feldom experienced

in Chelter, p. 73. Marlhy effluvia the caufe of thofe

difeafes, ibid. The general caufe of miliary fevers,

ibid. Their progrefs checked by the lately-adopted

method of treating them, p. 74.

Fifh, an account of the principal forts in the Teas of La-
bradore, p. 378.

Fluids ,
animal, experiments on, p. 345, 346.

Vol. LXIV. Ttt Focal
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Focal length. The effect of different focal lengths irr

fhewing an eclipfe of Jupiter’s fatellite fooner or later,

p. 186.

Fogs, elc&ricity of, p. 422—426. Strongly eleCirified

after froft, p. 426. Greateff obferved divergence of

the balls, p. 428. Apparatus for obferving the eledlri-

city of fogs, p. 428.

Frank/in, Dr. his conjecture on the Aurorae Boreales,

p. 132. Of the Hilling of waves by means of oil,

p. 44^-
Fundamental Interval. Vide thermometer.

Fundus of the uterus. Petit’s opinion that the fundus of

the uterus increafes in pregnancy Jefs in proportion than

any other part, verified in a particular inftance, p. 478.

G.

Gafpee,
latitude of South point, p. 179. Longitude,,

p. 189. Immerfions and emerlions of Jupiter’s fa-

tellites, obferved there, p. 180.

Gillaroo trout, account of, by the Hon. Daines Barring-

ton, p. 116. The ftomach of that animal refembles

the gizzard of a fowl, ibid. In large fillies bigger than

that of a turkey, p. 120. Has neither roe nor milt,

ibid. DiffeCtion of the ftomach by Mr. Henry Wat-
fon, p. 1 2 1. Obfervation, on the Gillaroo trout by
Mr. J. Hunter, p. 320.

Gizzard. Differences of gizzard and ftomach, p.

3 1

1

—
3 1 3 -

Gold, its conducing power, p.415.
Greenwich ,

aftronomical obfervations made there, p. 184.

H.

Hales, Mr. miftaken in fuppofing, that the vitriolic acid

prefer ves acidulse and other chalybeate waters from de-

cay, p. 366.

Haygarth, Dr. his obfervations on the bill of mortality

for Chefter, in 1772, p. 67,

Heatp
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Heat. Of boiling fluids, variable, p. 220. Heat, and
elafticity, their connection, p. 267.

Heat, a caufe of partial condenfation, p. 285. Solution
of the paradox, p. 286.

Henley, Mr. his electrical experiments on the means of
fecuring buildings againft the flroke of lightning,

p. 133. Account of forne new electrical experiments,

p. 389.
_

High fituations, their healthinefs demonflrated by tables

of mortality for a diftridt in Switzerland, p. 97.
Hindojlan, account of the fon or fun-plant of that coun-

try, p. 99. The method of manufadbring paper there,

p. 160.

Holland, Mr. Samuel, his account of forne eclipfes of

Jupiter’s fatellites, obfervedin North America, p. 176.
His obfervations at Kittery Point and Portfmouth,

p. 182.

Horf.ey, the Rev. Dr. his comparifon of M. de Luc’s rules

for the meafurement of heights by the barometer with

theory, &c. p. 214.

Houfe-martin, or martlet, account of, p. 196. Manner
of building their nefls, and treatment of their young,

p. 197, 198. How ditlinguifhed from their congeners,

p. 201. Their feafon of congregating, p. 199.
Howgill, colliery of, produces abundance of fal cathar-

ticus amarus, p. 482.

Hunter

,

Mr. John, his anatomical experiments on birds,

p. 2ii. His obfervations on the Gillaroo trout, p. 310.

I.

Inoculation ,
its happy effects remarkably inftanced in War-

rington, p. 440. The general encouragement of this

practice, for preferving the lives of the poor, recom-
mended, p. 440.

Infcription on an ancient Roman coin, p. 321.

Ironfide, lieutenant-colonel, his account of the fon or

fun-plant of Hindoftan, p. 99.
Ttt 2 Iron
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Iron

,
folution of, in vegetable acids. Its effeCt in ftriking

a black colour, p. 50.

Iron,
native or raw, a mafs of, lately difcovered in Si-

beria, p. 461. Its properties, p. 463.
Iron

y
its conducting power, p. 415.

Jupitery occultation of, by the Moon, obferved at Pekin,

p. 40—41.

K.

Kittery Pointy in North America, agronomical obferva-

tions made there, p. 182. Latitude of, ibid. Lon-
gitude, p. 189.

L.

Lancajhire, groundlefs prejudices againft the wetnefs of

its climate, p. 64.

Labradorey account of- the climate, foil, and natural pro-

ductions of that country, p. 374—379. Of its inha-

bitants, 3 79.—388.

LATITUDE
of the entrance of Port Joy on St. John’s

ifland, p. 173
of entrance of Pifcataqua harbour, p. 174
of South point of the entrance of Gafpee

bafon, p. 179
Kittery point, in Pifcataqua harbour, p. 182
Portfmouth, in North America, p. 183
Jupiter’s inlet on the ifland of Anticofti,

p. 19.0

Entrance of river St. Lawrence, ibid,.

Leverpooly inhabitants of, upwards of fix times the num-
ber it contained at the beginning of this century, p. 57..

heady a proper fubftance for conductors for the fecurity

of buildings, p. 402. Tops of chimneys to be covered

with it, 403. Plates of it fhould make a communi-
cation with the gutters, ibid.

heyden bottle, of the direction of the eleCtric matter irn

its difcharge, p. 397
—399. A new and beautiful

a&alyfis of it, p. 40Q... Of the lateral explofion in its

difcharge*.
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difcharge, p. .401—403. Contains all the power

of the torpedo, p. 473.
Light, not the fame thing as the ele&ric matter, p. 419,

Lightning

,

the beft fituation for perional fecurity from,

p. 15 1. Account of a ftorm near Wakefield, p. 350,

Lime water, an inquiry into its ufefulnefs in dying black,

p. 48. Deepens the colour produced by fome aftrin-

gents and martial vitriol ; but doth not add to its dura-

tion, p. 50. Of no lervice in the black dye, ibid.

LONGITUDE
of St. John’s ifland, p. 189
of Louifbourg, ibid.

South point entrance of Bay of Gafpee,

ibick

Captain Holland’s houfe near Quebec,
ibid.

Kittery point, ibid.

Portfmouth, New Hampfhire, ibid.

Jupiter’s inlet on the ifland of Anticofti,.

p. 19a

Vide Meridians.

Louifbourg, longitude o£ p. 189.

Lyndon, in Rutland, regifter of the weather there, p. 203.

M.

Macbride, Dr. his introductory letter to Mr. Simon’s ac-

count of the revivifcence of fnails, p. 432.

Male and female, the antient opinion falfe, that they were

conceived on different fides of the womb, p. 476.
Manchejier , rapid growth of, p. 56. Improvement in

the healthinefs and longevity of its inhabitants, p. 58..

To what caufes to beafcribed, ibid.

Marfhall
,
Mr. Humphry, his obfervations of the folar

fpots, p. 194.

Marjhes
,
putrid, their noxious quality, p. 90—98.

Martins frequent towns, of their agility and flight, time

of breeding, and of going away, 200, 201.

7 Martlet „
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Martlet. See Houfe-martin.

Majkelyne , the Rev. Mr. his introduction to agronomical
obfervations made at Pekin, p. 31. His reduction of
M. de Luc’s rule for meafuring heights by the baro-

meter to the Engiifh meafure of length, p. 158. His
Obfervations of eclipfes of Jupiter’s firft fatellite, at

Greenwich, p. 184.

Matlock waters, their petrifying quality, p. 124. Thefe
waters form a very fingular flratum, ibid. Not ap-

propriated to the purpofes of bathing or drinking,

•within the memory of fome perfons now alive, ibid.

Mofs petrified by them exhibits beautifully-varied ap-

pearances, p. 125. Ufed in building, ibid. The
fource from whence their impregnation is derived pro-
bably in fome degree exhaufted, p. 127.

Matter,
eleclric, not the fame as the matter of light,

p. 419.
Mephitic air

,
the medium by which the martial earths, &c.

are kept diffolved in Pouhon water, p. 362. A mi-

neral elaftic fpirit of a faline nature, p. 363. Saline

concretes formed with this fpirit, how decompounded,

-p. 365—368. In what mephitic air differs from all

acid fpirits, p. 369. Its ufe in many difeafes, p. 370.
Meridians, the true difference of, how belt deduced from

the eclipfes of Jupiter’s fatellites, p. 188.

Midwifery, .practitioners in, fhould pay particular atten-

tion to the frequent deviations of nature, from her

ordinary courfe, in the ftrudture of the parts of
generation, p. 480.

Monogram, a remarkable one on the reverfe of an ancient

Roman coin, p, 318. Monograms ufed by the Etruf-

cans, p. 324. And by feveral nations of the Eaft,

P- 3
2 5 *

Monton, a view of the births and deaths there during the

laft ten years, p. 65.

Moon, revolves at a diftance where the re fi fiance of the

earth’s atmofphere is reduced almofl to its minimum,

P- 2 7 4 *

Mortality,
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1

Mortality
,
obfervations on the Chefter bill, p. 67—78.

Mountaineers,
a people of Labradore, their character,

p. 380. Immoderately fond of fpirits, ibid. Re-

markably dextrous in the ufeof fire-arms, ibid. Their

manner of travelling, p. 381. Defcriprion of their

perfons, ibid. Deftroy the aged and infirm, ibid. The
reafons which they affign in jollification of that prac-

tice, p. 381.

Mullet, particular formation of its ftomach, p. 315.
Muret, M. his obfervations on the rate of mortality in

feveral parifhes of Switzerland, p. 96, The utility of

iuch tables, p. 98.- Similar inftitutions promoted in

Manchefter and Chefter, by Dr. Percival and Dr.

Haygarth, ibid. The neceffity of their being univer-

verfally adopted, ibid.

- N.
J

;
! ,

.1.*

Newton, Sir Ifaac, remarks on a paffage in his life by

Gaftillione, p. 153. Cenfured Des Cartes, p. 154*.

A great admirer of the ancients, p. 155.

Nicholjon , Mr. his account of a ftorm of lightnings

P- 35 °-

o.

Obfer-vation of Venus in the Sun’s parallel, Jan. 5, 1772,.

at Pekin, p. 42. Of the immerfions and emerfions

of Jupiter’s latellites, p. 180. Of his firft fatellite,

p. 191.

Occultation of Sptca Virginis by the Moon, obferved at

Pekin, p. 42. Of a flar in Scorpio by the Moon, ibid.

Of liars by the Moon, p. 333.
Oil,

its power of Hilling waves, p. 446. Not unknown
to the antients, nor to modern failors and filhermen,

ibid, and p. 448, 449, 452. Probable caufe of that

effed, p> 452—455. Experiments at Portfmouth,

P- 457 -
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p. 457. Not attended with complete fuccefs, p. 458.
Probable caufe of the difappointment, p. 459.

0/7, quietnefs of if on agitated water, p. 448. Singular

phenomena exhibited by oil, when dropped on a large

furface of water, p. 450. A natural repulfion be-

tween the particles of oil, p. 453. No attraction be-

tween oil and watej*, ibid. T-wo Dutch Eaft India

lhips preferved in a dorm, by letting out oil into the

fea, p. 456.
Os humeri , fingular cafe of a woman enjoying the ufe of

her right arm after the head of os humeri was cut

away> P- 353 •

P. .

Pallas, Mr. difcovery of native iron in Siberia, p. 461.

Paper, manner of manufacturing it in Hindodan, p. 100:

Pekin ,
agronomical obfervations made there, p. 31—45.

Pemberton
,
Dr. mifintepreted by Caftiiione, p. 153.

Percival, Dr. on the date of population in Manchelter

and other adjacent places, p. 54.

Petit, his opinion concerning the fundus of the uterus

verified, p.478.
PetrifiedJlratum formed by Matlock waters, p. 124— 127.

Pificataqua harbour
,

latitude of entrance of, p. 174.

Wrong laid down in mod maps, ibid.

Plan for the improvement of the ftudy of electricity,

P- 430, 43i-

Plants from Clielfea gardens, catalogue of, p. 302—309.

Pliny,
the elder, mentions the power of oil in {tilling

waves, as known to the divers in his time, p ; 446.

Population ,
obfervations on the date of, in Manchelter

and adjacent places, p. 54—66. Rapid encreafe of,

in Leverpool, p. 57. Large towns injurious to it,

p. 59-

Portfimouth , in North America, aftronomical obfervations

made there, p» 183* Latitude of, ibid. Longitude,

P*
l89*

Pot-afij
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Pot-ajh and pearl, effect of, in producing black, p. 51.

Pov.hon water, an inquiry concerning the nature of its

mineral elaftic fpirit, or air, p, 357. The ferruginous

and abforbent earths contained in that water, how kept

diftblved therein, p. 359. The elaftic fpirit not de-

tained in it by the preHure of the atmofphere, or any
other external force, p. 360. The Pouhon water

wholly decompounded when the elaftic fpirit is ex-

pelled, p. 361. No volatile fpirit obtained in the

decompofition of Pouhon water, except its mephitic-

air, p. 362. Vide Mephitic Air.

Preface to aftronomical obfervations by the miftionaries at

Pekin, by the Aftronomer Royal, p. 31,

Pregnancy
,
obfervations on, p.476, &c. Many received

opinions refpecling it, groundlefs, p. 477.
PreJJnre of the atmofphere. Animal bodies capable of

bearing greater variations of it than the natural ones,

without any inconvenience, p.348.
Price, the Rev. Dr. on the inialubrity of marlhy fitua-

tions, p. 96.

Priefiley , the Rev. Dr, on the noxious quality of the

effluvia of putrid marfhes, p. 90. Dr. Alexander’s

opinion of them erroneous, p. 91.

PROBLEMS, mathematical. To find the interfedlion of

two logarithmics, which have a right line given in pofi-

lion for their common afymptote, and their fubtangents

•given in magnitude, an ordinate in each curve drawn
at right angles with the common afymptote through

a given point in it being alio given in magnitude,

p. 278.

The converfe of the foregoing, p. 282.

Two logarithmics, interfering in a given point, having

a right line given in pofition for their common afymp-
tote and fubtangents ieverally given in magnitude, to

find the point in the afymptote where an ordinate

being drawn at right angles to meet both curves, the

areas intercepted between the two curves, and the com-
Vol. LX 1V. U u u mon
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mon afymptote infinitely extended beyond the ordi-

nate, are equal, p. 287. .

Problems, phyfical. To determine the degree of fplen-

dor or opacity of a folar fpot, p. 27.

To determine the direction of the eledlric matter in the

difcharge of the Leyden phial, p. 397.
The fundamental interval of a thermometer’s fcale being

given for a given height of the barometer, to find the

fundamental interval for any other given height of the

barometer, p. 222.

Problems,
mixt. The folar fpots being fuppofed to be

excavations in the luminous matter of the Sun, to find

their depth by obfervation, p. 10.

To determine the t-rue difference of meridians from ob-

fervations of immerfions and emerfions of Jupiter’s

fatellites, p. 187.

To find the length of the fubtangent of the atmofpherical

logarithmic, p. 233.
To find the length of the fubtangent of the atmofpherical

curve in ioooths of a Paris toife, the mean tempera-

ture of the air being given in degrees of Bird’s Fah-
renheit, p. 256.

To determine the temperature in which the length of the

fubtangent of the atmofpherical curve is expreffed in

ioooths of an Englifh fathom by the fubtangent of

the Briggian fyftem, p.257.
To find the equation for every degree of Bird’s Fahren-

heit, in the mean temperature of the air, above or

below 39,74, p. 258.

To compare the deniities of the air, at any given eleva-

tion above the furface of the earth, in different tempe-
ratures, p. 261.

The height of the quickfilver in the Torricellian tube,

and the temperature of the air being given, at a

given elevation above the level of the fea, to compare

the denfity of the air with that of the quickfilver at the

time and place of obfervation, p. 263.

To
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To exhibit the gradual rarefa&ions of the air at all

heights above the earth’s fnrface, in any given tempera-

ture, by a feries of powers, p. 273.

Any two different temperatures being affigned to find the

height above the earth’s furface, where the air’s denfity

is the fame in the one as in the other, p. 283.

where the preffure is fame, p. 288.

Platina, refult of an elecftrica! experiment on, p. 416.

Purcell, Profeffor John, his defcription of a double uterus

and vagina, p. 474, 475. Similar inflances mentioned

by other anatomifts, p. 479.
Pyrites, various fpeeimens of, defcribed, p. 489.

Q,

Quadrupeds
,

grar.ivorous and carnivorous, different for-

mation of their ftomachs, p. 314.
Quebec, eclipfes ofJupiter’s fatellires obferved there, p. 176.

Quinarius, a.vQry ancient one defcribed, p. 319.
Quickfilver, the quantity of its expanfion by heat, p.

238, 239. Difference between Boerhaave and De Luc
reconciled, p. 242.

R.

Rain, quantity of, at Manchefler and other places, p. 64.
Repulfion , none between water and air, p. 452. A natural

one between the particles of oil, 453.
Rivers, few of any confideration in the country of La-

brador, p. 37 5.

Piemans borrowed their monogrammatic way of writing

from the Etrufcans, p. 322.
Ranayne,

Mr. his opinion upon points and knobs, p. 144.
Royton, flare of population, duration of life, &c. p. 61.

Comparative furvey of Royton and Eaftham, p. 62, 63.
Uuu 2 Salts,
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S.

Salts, native, various forts of, found in the coal-mines

near Whitehaven, p. 481.

Salts formed by germination, not liable to difTolve in a

moill air, p. 485. Native bitter fait of the coal-mines

the fame with Epfom fait, 486.

Sal catharticus amarus , found in more abundance, and

more univerfally diffufedover the globe, than any other

except the common fait, p. 481. Produced in the

the colliery of Howgill, p. 482. The germination of

this fait, and of vitriol, perhaps the caufe why freeftone,

found where there are veins of coal, gradually moulders

away when expofed to the open air, p. 483. Agrees
in its purgative and other properties, with the Epfom
and Scarborough falts, p. 486. Properly prepared is an

excellent remedy in many difeafes, p. 487.
Saturn’s ring, its difparition obferved, p. 112.

Scorpio ,
occultation of a -)f in that conftellation, by the

Moon, obferved at Pekin, p. 42.

Scrophula confidered as the molt general caufe of con-

fumptions, p. 73. Lels common in Chelter than in

molt other places, ibid.

Sea-birds
,

great variety of in Labradore, p. 377.
Seafons, moill, in Great Britain and Ireland, more re-

markably free from epidemic dileafes than dry ones,

p. 64. Their fingular elfefts upon the colours of feveral

animals of Labradore, p. 378.
Sill, a fhining kind of llony clay, Itrongly refills fire,

and fome of it by germination yields alum, p. 491.
Silver, its conducting power, p.415.
Simmons ,

Mr. his account of a woman who voided Hones
through a filtulous fore in the loins without any con-

comitant difeharge of urine by the fame pafifage, p. 108.

Similar cafes mentioned by Delechampius, Tulpius,

and Chefelden, p. no, in.
Small-
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Small-pox,
the dreadful ravages of that diftemper, in

Warrington, p. 439.
Smcak, a conductor of eledricity, p. 392—397.
Snails

,

an account of the revivifcence of fome that had
been many years in a continued Hate of torpidity,

p. 432, &c.
Solar fpots difcovered by Galileo, p. 2. Diligently ob-

ferved by Scheiner and Hevelius, p. 3. Nothing of
moment derived from their obfervations, except the

rotation of the Sun upon its axis, and the inclination

of that axis to the plane of the ecliptic, ibid. A fpoc

of extraordinary fize, feen Nov. 1769, p. 6. Alte-

rations of its figure, p. 7. Probably a vaft excava-

tion in the luminous matter of the Sun, p. 8. Its

various appearances accounted for, ibid. Its return,

p. 9. Its nucleus confiderably beneath the level of
the Sun’s fpherical furface, p. 10. Means ufed to efti-

mate its depth, ibid. The like alterations obferved

in other fpots, p. 12. Diftance within the limb at

which the contraction of the umbra ufually takes place,

ibid. Changes effcded in fome fpots by the neighbour-
hood of others, p. 13. Queries and conjedures con-
cerning the fpots, p. 20. Time of the appearance
fhorter than the time of the occultation, p. 26. Mr.
Marfhall’s obfervations of the fpots, p. 194. Mr.
Wooiafton’s ditto, p. 337.

Sen or Sun-plant of Hindolian, its culture and ufes, p. 100.
Spark

,
eledric, experiments on colour of, when drawn

'through wood, p. 419.
Spica virginis, occultation of, by the Mcon, obferved at

Pekin, p. 42.

Sprouley enfign George, his obfervations of the immer-
fions and emerfions of Jupiter’s fatellites, p. 180.

Steblin, M. de, his defeription of a mafs of raw or native
iron, found in Siberia, p. 462.

Stomachy its formation and ufes in different animals,

p. 312, 313. That of the Gillaroo trout defended,

p. 1 2 1. Singularities in its ftrudure, p. 123.

Stones
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Stones, voided through a fiftulous fore in the loins, with-

out a concomitant difeharge of urine, p. 10H

—

hi.
St. Lawrence river, latitude of entrance of, p. 190.

St. John's IJland,
latitude of, p. 173. longitude, p. 189.

Stratum
,

a very fmgular one formed by the waters of

Matlock, p. 124. Ufed in building, p. 125.

Subtangent of atmofpherical logarithmic, what, p. 244.
Its length how to be deduced from obfervations of the

barometer at different elevations, p. 233. The length

of it variable, p. 234. Conftant in a given tempera-

ture, ibid. Proportional to the abfolute elaflicity of

the particles of the air, p. 250. Plow to be found in

every temperature, p.251, 253, 256. The tempera-

ture in which its length is expreffed in ioooths of an

Englifh fathom by the fubtangent of the Briggian

fyftem, p. 257. The temperature in which it is ex-

preffed in ioooths of a Paris toife by the fubtangent of

the Briggian fyftem, p. 256.

Summer, fhortnefs of its duration in the country of La-
brador, p. 375. Very moderate, and remarkably
ferene, p. 376.

Sun, its body probably formed of two kinds of matter,

an internal dark globe, and a thin covering of luminous
matter, p. 20. The fpots obfervable in it accounted

for by this hypothefis, ibid. Irregularities of the fur-

face of the internal globes, p, 23. Curious particulars,

tending to corroborate the truth of this conje&ure,

p. 24. Whether the internal globe be ignited, p. 27.
No fpots, nor any diverfity of appearance, difcovera-

ble in thofe regions, which lye towards the poles,

p. 29.

Sun plant of Hindojlan, culture of, recommended in warm
climates, deftitute of hemp and flax, p. 100.

Swinton

,

the Rev. Mr. John, his explication of a molt
remarkable monogram on a quinarius, p. 318.

Super/oetation, eaftly accounted for, p. 479.

Tables.
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T.

Tables,
Survey of Manchefter, with refpedt to inhabi-

tants in the fummer 1773, p. 55.
Table of increafe of population in Manchefter,

p. 56
——— in Liverpool, p. 57
Comparative furveys of Eaftham and Royton,

p. 62, 63
Of deaths in Chefter, p. 7 6, 77
Of difeafes in Chefter, ibid.

Equal chance of life, - p. 78
Rarefadtions of the atmofphere, p. 2 72.

Equation of the boiling point, p. 294
Comparifon of thermometers, p. 295
Equation for the temperature of the quick-

fiver, p. 297
Equation for the temperature of the air, p. 298
General bill of mortality of the town of War-

rington, 1773, p. 442'

Mortality of each month there, ibid.
' Difeafes, p. 443
Ag^s and conditions, p. 444

Talc, refult of an eledtrical experiment on, p. 418,

Telefcopes, an improvement propofed in the crofs wires

of thofe inftruments, p. 105. Vide Focal Length,

iTemperance, its advantages with refpedt to health and
longevity, p. 65.

Temperature of the air, equation for, in the meafurementr

of heights, p. 244. Meafured by M. DeLuc by ther-

mometers expofed to the Sun, p. 260.

Tengnagel,
Mr. his account of a Dutch veifel having

been, probably, faved, by pouring oil into the fea in a

violent form, p. 456.

5 Thermometer
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!Thermometer fundamental interval of, what, p. 22 r. De-

grees what, ibid. Bird’s Fahrenheit, p. 224. Com-
parifoh of its fcale with M. De Luc’s, p. 225. A
common fcale defirable, p. 228. Tables for the com-
parifon of thermometers, p. 295. Peculiar fcales ap-

plied to the thermometers accompanying two portable

barometers made for the Society, p. 259.
Thunder-houfe, experiments with it, p. 135.
Torpedos, contrary to a received opinion, frequent the

fhores of England, p. 464. Confiderably larger than

thofe found in the Mediterranean, p. 465. Caught
on the ccaft of Ireland, p. 470. Their electrical

power, p. 471. Directions where to find, and how
belt to preferve them alive, p. 471, 472. x

Towns, large, injurious to population, p. 59.

y.
%

Vacuum, what fort of a vacuum the phenomena of

Nature argue, and the Newtonian philofophy demands,

p. 271.

Vagina and uterus, double, defcribed, p. 475—48c.

Vapour of hot water, a conductor of electricity, p.

390—396.
Varelaz, Don Jofepb, his obfervation of the difpa-

rition of Saturn’s ring, p. 112.

Variation of the compafs. Vide Compafs.

, Vegetation probably the caufe of fpnng and fummer being

remarkably more healthy than the reft of the year,

p. 74.

Venus ,
tranfit of, oblerved at Pekin, p. 34—36. In the

Sun’s parallel, oblerved at Pekin, p. 42.

Vinegar, thrown into the air, during a ftorm, dills ir,

according to Pliny, p. 447.
Vitriol, native green, fpecimens of defcribed, p. 488,

489. Why this fait and others affume a fibrous ap-

pearance, p. 488.
Vomits

,
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Vomits of emetic tartar ferviceable in the chin-cough,

P- 75-
Vulgar

,

their knowledge often too much flighted, p. 447.

W4

Wakefield^ account of a ftorm of lightning there, p. 350.'

Wal/h, Mr. on the Torpedo, 465.
Warrington, number of houfes and inhabitants there,

p. 43 8. Its healthinels and increafe, p. 439. Bill of
mortality of that town, for 1773, p. 442. Difeafes,

ages, and conditions of thoie who died there, p.

443> 444*
Watfon, Mr. Henry, on the ftomach of the Gillaroo

trout, p. 1 2 1.

Watery no repulfion between water and air, p. 452. No
attra&ion between water and oil, p. 453.

Waves, {tilled by means of oil, p. 446 and 456.
Weather,

regifter of, at Lyndon in Rutland, p. 202.

White, the Rev. Mr. Gilbert, his account of the houfe-

martin, or martlet, p. 196.

Whitehaven

,

an account of various native falts found in

the coal-mines near that place, p. 481.
Wilmer y Mr. B. his account of a woman accidentally

burnt to death, p. 340.

Wilfon y Dr. Alexander, his obfervations on the folar fpots,

p. 1 . Propofes an improvement in the crofs wires of
telefcopes, p. 105.

Winn, Mr. his remarks on the Aurora Borealis, p. 128.

Winter,
lefs fevere than formerly (though {till extremely

rigorous) in Labradore, p. 375.
Winthrop, Profeffor John, his remarks on a pafiage in

Caftillione’s life of Sir Ifaac Newton, p. 153.
Wires

,
{harp-pointed, preferable to knobs for the ter*

mination of electrical condu&ors, p. 134, 409, 410.
Vol. LX1V. X x x Wol-
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Wollafton, the “Rev. Francis, his aftronomical obfervatfons

made at Chiflehurft, p. 329.

Women exceed men in longevity, p. 71.

Wood, few fpecies of, in Labradore, p. 376.

Wright,
Mr. Thomas, his obfervations of the immerfions

and emerfions of Jupiter’s firfi: fatellite, p. 190.

'The End of the Sixty-Fourth Volume.

*** The Number of Plates in this Volume is^mmmmm^

e 89. 1. .10. dele upon

1 18. 1. 7. for lake r. lakes

147. 1. 14. for •foire r. wires

149. I. 30. for in r. on.

• 41 2. 1. 4. for two inches in diameter r. two inches irroud
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I. ATIONAL Recreations; in which tire Principles of Numbers

and Natural Philofophy are clearly ana opioufly elucidated, by

a Series of eafy, entertaining, interefting Experiments. Among which

are all tbofe commonly performed with the cards, 4 vol. 8vo. with

Copper Plates, price x 1 . 1. in Boards, or 1 J. 5 s. the Cuts coloured,

2. Dr. Ball's Female Phyfician. i2mo. 2 s.

3. A Defcription of the Human Eye and its adjacent Parts ; their prin-

cipal Difeafes, and the Methods propofed for relieving them. By

Jofeph Warner, F. R. S. and Senior Surgeon to Guy’s Hofpitab

8vo. 2 s. 6 d.

4. Mr. Warner’s Account of the Tefticles, their common Coverings

and Coats; the Difeafes to which they are liable, with the Method of

treating them. 8vo. 2 s.

5. The Medical Works of Dr. Clifton Wintringham, collected and
publifhed by Sir Clifton Wintringham, 2 vol. 8vo. 10 s.

6. Dr. Heifter’s compleat Syftem of Surgery, with Copper Plates, 4to.

7. Bibliotheca Literaria : A Collection of Infcriptions, Medals, and
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Perfons. 410. 6 s.

8. s’Gravefande’s Mathematical Elements of Natural Philofophy, by
Dr. Defaguliers, 6th Edit, with 127 Copper-plates, 2 vol. 410. 1 1 . 1 6 s.

9. Dr. Halley’s Tabula Afilronomica, with the Precepts, both in Latin

and JLnglJb, 4K). 1 1. is.

10. Robertfoni Thefaurus Linguae Sanftas, five Concordantiale Lexi-

con Hebraeo-LatinoBiblicum. 4to. 12 s,

11. Albin’s Natural Hiftory of Englifh Birds and Infects, finely

engraved and coloured, 4 vol. 4W.
1 2. Memoirs of Milton, with feme curious Hiftorical Pieces. By

Mr. Peck. 4W. 6 s.

13. Milton’s Memoirs of Oliver Cromwell, with curious Hiltorical

Pieces, and engraved Heads. Publifhed by Mr. Peck. 4W. 6 s.

14. Capt. Dobbs’s Account of the Countries adjoining to Hudfon’s

Bay ;
their Situation, Climate, Trade, Navigation, &c. with an Abltrad

of all the Difcoveries that have been publifhed of the Iflands, &c. in the

Great Weftern Ocean; Vocabularies of Indian Languages, &c. 4to. ; s,

1;. Elftob’s Rudiments of Grammar for the Saxon Tongue. With an

Apology for the Study of Northern Antiquities. Very ufeful towards

the underftanding our ancient Englifh Poets, and other Writers. Bein^

the only Saxon Grammar in the Englifh Language. 4to. 2 s. 6d,
16. Mr. Da Cofta’s Natural Hiftory of Foffils, upon a new Syftem.

To the Defcriptions are added hiftorical Fads, and critical Obfervations.

4to. 1 2 s. 6d.

17. Directions for making Mineral Collections ufeful. By D. L„

Meyer, is. 6 d.

18. The Young Sea-Officer’s Affiftant, both in his Examination and
Voyage. In Four Parts. 1. The Subftance of that Examination, which
every Candidate for a Commiffion in the Eaft-India Service, or the

Navy, mult neceflarily pafs before his Appointment. 2. Directions for

workinga Ship in all difficult Cafes. 3. Necefiary Obfervations in making
the
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the Land, and failing up the Channel. 4. General Inflrudions and Al-

lowances from th j Owners of Eall-India c-hips to the leveral Comman*
ders in that Service. To which >s added, a Ihort, eafy, arithmetical Rule,

for determining the Courfe and Diltance. By John Adams, of Wal-
tham-Abbey. 3s. 4to.

19. Sir liaac Newton’s TwoTreatifes of the Quadrature of Curves,

and Analyfis by Equations ol an infinite Number of Terms explained.

Containing the Treadles themfelves, tranfiated into Englilh, with a

large Commentary ;
in which the Demonftrations are fupplied, where

wanting ; the Dodrir.e illuftrated, and the Whole accommodated to

the Capacities or Beginners. By John Stewart, A M. PofelTor of Ma-
thematics in the Univerfity of Aberdeen. 12s. 4m.

20. Sir Ifaac Newton on Daniel and the Apocalyfe. ato. 4s.

21. Folfilia Hantonienlia colleda & in Muleo Britannico depofita, a

G. Brander ; cum Figuris elegantillimis. 10s. 6d. 4W.
22. Leonardi Plukenetii Opera Botanica, viz. Phytographia, Alma-

geftum Botanicum, Mantilfa, Amaltheum Botanicum, five Stirpium

illuftriorum Sc minus cognitorum icones : Tabulis aeneis CCCCLIV.
fumma diligentia elaboratae. 4 vols. 4W.

23. De Solis ac Lunse Defedibus Libri V. P. Rogerii Jofephi Bofcc-

vich, Soc. Jelu. ad Regiam Societatem Londinenfem. Ibidem autem et

Altronomiae Synopfis, et Theoria Luminis Newtoniana, et alia multaad
Phyftcam pertinentia, verfibus pertradantur ; cum ejufdem Audoris
annotadonibus. 4m. 12s.

24. Dr. Birch’s Hiftory of the Royal Society: Being a Supplement
to the Philofophical Tranfadions. In which the moll conliderable of
thofe Papers and curious Experiments, communicated to the Society,

when the Philofophical Tranfadions were not regularly carried on, are

inferted in their proper Order : Together with a fhort Account of

the Lives of the molt eminent Members fubjoined. 4 vol. 4W.
Price 1 1 . iis. 6d. in Sheets.

23. Dr. Birch’s Colledion of the Yearly Bills of Mortality, from 1657,
to 1758, inclufive. To which are fubjoined, as a Specimen of the Ufe
which may be made of them, 1. Natural and Political Obfervations

on the Bills of Mortality, by Capt. John Graunt, F. R. S. 2. Sir

William Petty’s Efiay on Political Arithmetic, concerning the Growth
of the City of London ; with the Meafures, Periods, Caufes, and
Confequences thereof. 3. Obfervations on the paft Growth and prefent

State of the City of London, in 17 57, by Corbyn Morris, Efq; F. R. S.

4. A Comparative View of the Difeafes and Ages, and a Table of the

Probabilities of Life, for Thirty Years, by James Poftlethwayte, Efq;

F. R. S. 4to. 10 s. 6d.

26. The Topography of Free-Bridge Hundred and Half, in the

County of Norfolk; including the Hiftory and Antiquities of King’s

Lynn,’ and a Circuit of Fifteen Miles. By the Rev. Charles Parkin,

M. A. 15 s.

27. The Hiftory and Antiquities of theOounty of Eftex and Town of

Colchefter, illuftrated with Copper Plates. By the Rev. P. Morant,

F. S. A. 2 vol. 4!
28. Dr. Warner’s
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